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STUDIES  ON  OAT  BREEDING.    IV.  PURE  LINE 

VARIETIES/ 

By 

Frank  M.  Surface  and  Jacob  Zinn. 

The  agricultural  importance  of  the  oat  crop  in  Maine  led  the 
Experiment  Station  to  undertake  some  definite  breeding  work 
with  this  cereal  at  Highmoor  Farm  in  1910.  The  general  outline 
of  this  work  has  been  given  in  a  previous  paper.^  One  of  the 
lines  of  work  attempted,  has  been  to  develop  new  varieties 
which  would  be  better  adapted  to  our  conditions  than  any  of 
those  now  grown.  In  attempting  to  do  this  several  methods 
have  been  employed.  One  of  these  has  been  the  isolation  of 
"pure  lines"  out  of  certain  standard  commercial  varieties.  This 
work  has  now  reached  such  a  point  that  a  discussion  of  the 
results  may  be  undertaken. 

Before  proceeding  to  the  discussion  of  these  "pure  lines"  it  is 
important  to  have  a  clear  understanding  of  what  is  meant  by 
this  term.  This  term  was  first  used  by  the  Danish  botanist, 
Johannsen.  According  to  Johannsen's'  definition  a  "pure  line" 
is  the  offspring  of  a  single,  self-fertilized,  homozygous  individ- 
ual. The  exact  meaning  of  this  can  perhaps  best  be  made  clear 
by  referring  to  the  work  of  Johannsen  himself. 

Johannsen,  in  his  work  on  beans,  brought  out  very  clearly 
three  things  which  in  themselves  and  in  their  implications  are  of 
fundamental  importance  to  all  practical  breeders  of  animals  or 
plants,  as  well  as  to  students  of  breeding.  These  three  things 
are : 


^Papers  from  the  Biological  Laboratory  of  the  Maine  Agricultural 
Experiment  Station  No.  96. 

'Surface,  F.  M.  and  Barber,  C.  W.  Studies  on  Oat  Breeding.  I. 
Variety  Tests  1910-1913.  Maine  Agricultural  Experiment  Station,  Ann. 
Rept.  1914,  pp.  137-192.    (Bulletin  No.  229). 

'Johannsen,  W.  Elemente  der  exakten  Erblichkeitslehre.  Jena,  1913, 
pp.  XI  +  723. 


98        MAINE   AGRICULTURAL  EXPERIMENT   STATION.  I916. 

I.  That  the  size  of  an  individual  bean  was  no  absolute  or 
certain  criterion  whatever,  as  to  the  average  size  of  its  offspring. 
He  found  that  while  some  particular  large  beans  always  pro- 
duced large  offspring  beans,  other  equally  large  ones  always 
produced  small  offspring  beans.  Some  individual  small  beans 
produced  offspring  of  large  average  size,  others  produced  bea-.^s 
of  small  average  size  like  the  parent,  and,  in  general,  he  showed 
it  to  be  quite  impossible  for  anyone  to  tell  merely  from  the  siz*^ 
of  a  bean  itself  whether  its  progeny  will  be  large  or  small. 

The  nature  of  Johannsen's  results  on  this  point  have  been 
clearly  set  forth  in  the  accompanying  diagram. 
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Fig.  14.    Diagram  to  illustrate  Johannsen  s  results  with  bean> 
(From  Wood  and  Punnctt). 


2.  That  a  population  of  beans,  no  matter  from  how  sup- 
posedly "pure"'  a  commercial  variety  it  is  taken,  is  really  not  a 
homogeneous  unitar\'  aggregation,  but  instead  is  made  up  of  a 
varying  number  of  lines  or  strains,  each  of  which  breeds  true  to 
itself  when  propagated  in  isolation.  In  other  words,  the  popu- 
lation in  question  is  a  mixture  of  several  component  lines.  The 
individuals  in  each  line  produce  offspring  true  to  the  type  of 
the  line,  rather  tlian  to  the  t>-pe  of  the  population  as  a  whole, 
except  in  cases  where  by  chance  the  population  type  and  the 
type  of  one  or  more  lines  happen  to  be  the  same. 

3.  That  when  mass  selection  alters  the  population  t>-pe  it 
does  so  by  a  process  of  isolating  from  the  mixture  certain  strains 
whose  own  types  are  different  from  the  original  general  popuU- 
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tion  type,  and  which  differ  in  the  direction  towards  which  selec- 
tion was  made.  Thus  if  one  begins  in  a  general  mixed  popula- 
tion of  beans  to  select  for  planting  the  largest  beans,  and  by  iO 
doing  increases  the  average  size  of  the  beans  in  the  crop,  what 
he  really  does  is  gradually  to  throw  away  all  beans  except  those 
which  belong  to  strains  having  large  beans  as  the  type.  Having 
isolated  from  the  population  one  of  these  component  strains 
which  breeds  true  to  a  definite  type  no  amount  of  further  selec- 
tion will  modify  that  strain. 

The  idea  underlying  these  conclusions  is  that,  in  the  continued 
propagation  of  the  offspring  of  any  self-fertilized  plant,  eveiy 
individual  will  possess  exactly  the  same  hereditary  constitution 
as  every  other  individual.  Consequently  except  for  the  effect 
of  environmental  conditions  such  a  "pure  line",  as  it  is  called, 
should  breed  true  and  should  show  the  same  characters  in  every 
generation. 

The  same  reasoning  cannot,  without  some  modification,  be 
applied  to  open  fertilized  plants,  such  as  corn  for  example.  Here 
any  individual  kernel,  in  the  majority  of  cases,  has  been  fer- 
tilized by  pollen  from  some  neighboring  plant.  This  latter  plant, 
and  consequently  its  pollen  grains,  may  be  carrying  characters 
very  different  from  those  of  the  mother  plant.  The  offspring  of 
such  a  grain  would  split  up,  some  showing  characters  similar  to 
the  pollen  parent  and  others  like  the  mother  plant.  By  continued 
self-fertilization  (hand  pollination)  of  corn  a  condition  ap- 
proaching that  of  a  pure  line  could  be  obtained. 

The  majority  of  our  cereals,  such  as  oats,  wheat,  barley,  etc., 
are  nearly  always  self-fertilized.  Wilson*  says  that  natural 
crossing  occurs  only  very  rarely  in  oats.  Rimpau'  found  only 
five  spontaneous  crosses  in  dealing  with  19  different  varieties 
during  a  period  of  six  years.  In  our  own  experience  we  have 
never  observed  a  single  natural  cross  although  in  our  oat  gai^- 
dens  different  varieties  including  black,  white  and  yellow  oats, 
open  and  side  heads,  have  been  grown  in  adjacent  rows.  These 
rows  are  only  one  foot  apart  and  at  the  time  of  blooming  the 
heads  of  one  row  interlock  with  those  of  the  next.   The  reason 

^Wilson,  J.  H.  The  Hybridization  of  Cereals.  Journ.  Agric.  Sc.,  Vol. 
2.  pp.  68-88,  1907. 

"Rimpau,  v.  Kreuzungsproduktion  Landw.  KuUurpflanzen.  Landw. 
Jahr.  1891. 
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that  cross-pollination  does  not  occur  is  that  the  anthers  shed 
their  pollen  before  the  glumes  open,  and  there  is  very  little 
chance  for  the  introduction  of  foreign  pollen.  Consequently 
we  may  assume  that  for  many  generations  the  ancestors  of  any 
particular  oat  plant  growing  in  a  field  or  plot  have  been  self- 
fertilized  and  that  this  plant  will  breed  true  to  its  heredita^^ 
characters.  This  is  the  fundamental  assumption  upon  which  all 
pure  line  breeding  is  based.  By  the  selection  and  isolation  ol 
such  pure  lines  out  of  ordinary  commercial  varieties  new  strains 
may  often  be  secured  which  are  far  superior  to  the  parent  vari- 
ety. 

The  point  in  question  can  perhaps  be  made  still  clearer  by  con- 
sidering what  constitutes  a  commercial  variety.  To  the  casual 
observer  a  variety  may  appear  to  be  breeding  perfectly  true  and 
all  the  plants  may  appear  to  be  alike.  However,  if  the  plants 
are  examined  carefully  many  differences  will  be  found.  Some 
have  larger  heads,  or  more  spikelets  per  head,  others  have  a 
larger  number  of  culms,  some  have  stiflFer  straw  than  others, 
etc.  Some  of  these  differences  are  due  to  environment,  such  as 
more  space  or  better  ground.  On  the  other  hand  some  of  these 
variations  are  definitely  inherited.  If  individual  plants  are 
selected  and  the  seed  of  each  grown  in  separate  rows,  it  will 
be  found  that  many  of  these  rows  differ  greatly  in  their  yield, 
time  of  maturity,  strength  of  straw,  etc.  These  differences  are 
transmitted  from  one  generation  to  the  next.  Each  plant  which 
breeds  differently  from  the  others  belongs  to  a  different  pure 
line.  A  commercial  variety  then,  consists  of  a  mixture  of  a' 
large  number  of  pure  lines  which  we  may  designate  by  the  letters 

A.  B,  C,  D.  E.  F.   etc. 

If  we  select  a  single  plant  it  will  belong  to  one  of  these  pure 
lines,  for  example  C.  If  we  multiply  the  seed  of  this  plant  we 
may  have  finally  a  whole  field,  all  the  plants  of  which  belong 
to  this  pure  line  C. 

It  further  follows  from  this  theon*-  that  if  we  again  select 
individual  plants  from  such  a  pure  line  field  we  have  still  only 
the  same  pure  line.  If  we  grow  the  seed  of  such  selected  plants 
in  separate  rows  there  is  little  or  no  difference  between  the 
rows.  That  is.  in  selecting  and  isolating  the  pure  line  we  ha%  e 
made  all  the  improvement  possible  in  this  direction.  Theoreti- 
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cally  and,  as  Johannsen  proved  in  the  case  of  beans,  practically 
it  is  not  possible  to  improve  such  a  pure  line  by  further  selection. 

The  question  as  to  whether  it  is  possible  to  improve  a  pure 
line  of  oats  by  continued  selection  has  been  studied  by  this  Sta- 
tion for  several  years.  The  results  of  three  years  of  such  selec- 
tions have  been  published.^  It  has  been  shown  that  selection 
for  three  years  both  to  increase  and  to  decrease  certain  charac- 
ters has  not  modified  any  of  the  characters  studied. 

The  results  of  this  work  are  of  much  importance  to  the  prac- 
tical oat  breeder.  It  follows  that  in  order  to  secure  improved 
strains  it  is  only  necessary  to  select  individual  plants  from  the 
commercial  fields  and  then  to  multiply  the  seed  of  each  plant 
separately.  Then  each  of  these  pure  lines  must  be  tested  and 
only  the  best  retained.  After  a  desirable  pure  line  has  been 
isolated  it  is  only  necessary  to  keep  it  pure  and  unmixed  with 
other  seed.  Such  a  pure  line  will  not  deteriorate  nor  can  it  be 
improved  by  further  selection.  This  greatly  simplifies  the 
methods  of  practical  oat  breeding.  It  has  been  shown  that  it 
i3  useless  to  continue  the  expensive  methods  of  selecting  year 
after  year  within  a  pure  line.  In  order  to  get  still  better  yielding 
strains  it  is  necessary  to  go  back  to  commercial  fields  and  make 
new  selections  with  the  hope  of  isolating  still  better  pure  lines. 
Once  a  pure  line  is  isolated  it  cannot  be  improved  by  further 
selection. 

Of  course,  at  any  time  and  for  reasons  at  present  unknown, 
germinal  variations  may  occur  within  a  pure  line  and  these  may- 
breed  true  to  their  new  characters.  If  plants  showing  such 
germinal  variations  should  be  selected  it  would  be  possible  to 
secure  strains  showing  characters  different  from  the  parent 
pure  line.  While  there  is  good  evidence  that  such  germinal  vari- 
ations do  occur  in  oats,  they  are  relatively  rare.  Practically, 
there  seems  to  be  very  little  chance  of  securing  such  variations 
from  a  pure  line.    (cf.  pp.  142-143.) 

"Surface,  F.  M.  and  Pearl,  R.  Studies  on  Oat  Breeding.  II.  Selection 
within  pure  lines.  Maine  Agr.  Expt.  Stat.  Ann  Rept.  1915,  pp.  I-40. 
(Bulletin  No.  235). 
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Methods. 

The  general  methods  of  pure  line  breeding  in  the  case  of 
cereals  may  be  briefly  outlined  as  follows :  In  the  first  year 
individual  plants  are  selected  from  the  fields  or  plots  of  the  com- 
mercial varieties.  These  plants  are  selected  because  in  some 
one  or  more  respeas  they  appear  to  be  better  than  their  neigh  • 
bors  growing  under  the  same  conditions.  Each  of  these  plants 
is  harvested  separately  and  various  data  recorded  concerning  i:. 
On  the  basis  of  the  notes  made  in  the  field  and  the  data  on  the 
threshed  plants  a  further  selection  is  made. 

The  seed  from  the  plants  which  are  finally  selected  are  sown 
the  next  spring  in  short  rows  in  a  cereal  garden.  In  our 
work  we  usually  plant  25  kernels  in  each  row.  The  rows  are 
one  foot  apart  and  the  plants  three  inches  apart  in  the  row. 
This  allows  eacli  plant  sufficient  room  to  develop  and  the  2^ 
plants  are  enough  to  judge  the  character  of  each  pure  line. 
The  garden  rows  are  subjected  to  a  severe  selection.  Careful 
notes  are  taken  in  the  field  and  considerable  data  taken  at  tr>e 
time  of  threshing.  Out  of  several  hundred  rows  usually  only 
a  few  are  judged  good  enough  to  be  continued. 

The  third  year  the  seed  from  the  selected  rows  is  sown  iw 
small  multiplying  plots.  In  our  work  these  plots  have  been 
1-2000  acre  in  area  and  usually  in  duplicate.  In  these  plots  the 
grain  is  planted  much  closer  together  in  fact,  approaching  the 
number  of  grains  per  unit  area,  that  are  usually  sown  in  tHc 
field.  These  plots  are  subjected  to  a  still  further  selection  and 
only  the  best  retained. 

The  fourth  year  there  is  sufficient  seed  from  each  selectcl 
pure  line  to  sow  one  or  more  field  plots.  According  to  our 
method  of  testing  varieties'  these  are  sown  in  1-40  acre  plot.-. 
Here  they  are  tested  in  duplicate  or  quadruplicate  plots  fo*" 
several  years  and  subjected  to  still  further  selection  until  only 
those  which  are  superior  in  some  respects,  at  least,  to  already 
existing  varieties  are  retained. 

In  the  work  with  which  this  bulletin  is  concerned  over  450 
plants  were  selected  in  1910.  Of  these  something  Uss  than  200 
were  tested  out  in  garden  rows.  Eighty  were  deemed  good 
enough  for  the  1-2000  acre  test,  but  only  34  ever  reached  a  fieli 


'Surface.  F.  M.  and  Barber,  C.  \V.    Loc  cit 
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test.  Of  these  34  all  but  12  have  been  discarded  as  not  suffi- 
ciently valuable  to  be  offered  to  the  public.  These  12  pure  lines 
have  now  been  tested  for  3  years  under  field  conditions  and  in 
competition  with  the  best  commercial  varieties  which  we  could 
obtain. 

In  the  following  pages  some  of  the  details  of  this  work  are 
given  and  the  comparative  yields  in  each  year.  A  description 
of  the  12  pure  lines  still  retained  is  also  given. 

This  work  was  begun  under  the  general  direction  of  Dr.  Ray- 
mond Pearl.  The  selections  in  1910  were  all  made  by  the  senior 
writer.  In  191 1  the  work  was  in  charge  of  Dr.  E.  P.  Humbert. 
In  1912  Dr.  M.  R.  Curtis  and  Mr.  C.  W.  Barber  looked  after  the 
field  work.  Mr.  Barber  was  also  associated  with  the  work  in 
1913.  The  present  writers  were  associated  in  the  work  of 
19 14  and  191 5  and  in  the  preparation  of  the  data  for  publication 
The  writers  desire  to  express  their  appreciation  of  the  careful 
and  efficient  assistance  rendered  throughout  this  and  other  work 
by  Mr.  Wellington  Sinclair,  Superintendent  of  Highmoor  Farm. 

Work  in  1910. 

In  1910  25  varieties  of  oats  were  tested  in  i-io  acre  plots  at 
Highmoor  Farm.  The  location  of  these  plots  as  well  as  other 
data  concerning  them  has  been  given  by  Surface  and  Barber.' 

Shortly  before  harvest  a  number  of  these  plots  were  carefully 
gone  over  and  plants  showing  points  of  excellence  were  given 
a  tag  bearing  a  selection  number.  The  points  which  were  par- 
ticularly noted  in  this  field  selection  were  the  number  of  culms, 
the  size  and  general  character  of  the  head,  the  number  of  spike- 
lets,  the  number  of  sterile  or  abortive  spikelets,  and  the  strength 
of  the  straw.  In  making  these  selections  much  weight  was 
given  to  the  position  of  the  plant  in  the  plot.  Thus  usually 
marginal  plants  were  not  chosen  because  their  greater  develop- 
ment was  manifestly  due  to  better  environment.  In  general, 
the  attempt  was  made  to  select  plants  which  were  noticeably 
better  in  some  respects  than  their  neighbors  located  under  the 
same  environmental  conditions. 

The  number  on  the  tag  is  the  plant  selection  number  by 
which  the  plant  can  at  any  time  afterwards  be  identified  in  the 
records.    No  plant  selection  number  is  ever  duplicated  in  the 


'Loc.  cit. 
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plant  breeding  work  of  the  Station.  For  those  plants  which 
are  later  multiplied  in  plots,  the  plant  selection  number  be- 
comes the  "Line  Number."  Thus  when  we  speak  in  the  latter 
part  of  this  paper  of  Line  No.  355,  it  refers  us  at  once  to  selec- 
tion number  355  and  from  this  the  entire  pedigree  of  the  line 
can  be  traced.  So  long  as  no  new  germ  plasm  is  added  by 
crossing,  the  line  number  remains  the  same. 

Notes  were  taken  at  the  time  of  the  original  selection  of  each 
plant.  These  notes  were  recorded  on  5"  x  8"  loose  leaf  sheets 
similar  to  that  shown  in  facsimile  in  Figure  15.   These  sheets, 
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Fig.  15.    Facsimile  of  plan:  seleciion  record  sheet  used  in  the  plant 

breeding  work. 

it  will  be  noted,  are  designed  to  be  used  with  certain  other  plants 
besides  oats. 

This  sheet  provides  space  for  data  relating  to  the  pedigree  ot 
the  plant  and  also  such  characters  of  the  plant  as  height,  num- 
ber of  culms,  weight  of  grain  and  straw  and  certain  characters 
of  the  head  and  grain.  At  the  time  of  the  field  selection,  the 
date,  the  name  of  the  variety  and  the  plot  from  which  it  came 
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are  recorded.  Also  brief  notes  relative  to  the  position  of  the 
plant  in  the  plot  and  the  character  for  which  it  was  especially 
selected  are  noted. 

When  the  plants  were  fully  ripened  they  were  pulled  and 
brought  into  the  laboratory.  Sometime  after  they  were  thor- 
oughly dry  they  were  measured,  weighed  and  threshed. 

On  the  basis  of  the  data  thus  obtained  a  further  selection  of 
the  plants  was  made.  The  grain  from  the  best  plants  was 
saved  for  planting  in  the  breeding  garden  the  next  year. 

In  19 ID,  460  plants  were  selected  from  the  variety  test  plots. 

These  represented  18  different  varieties.  Of  these  plants 
188  were  deemed  good  enough  to  be  tested  in  garden  rows. 

Table  i  shows  the  plot  numbers  and  the  names  of  the  varie- 
ties from  which  plants  were  selected.  Also  the  number  of  plants 
selected  from  each  plot  and  the  number  that  were  grown  in  the 
191 1  garden  rows. 

Table  i. 


Shozmng  the  number  of  plants  selected  from  the  different  varie- 
ties in  ipio  and  the  number  of  these  which  were  continued 
in  the  ipii  oat  garden. 


1910 

Number 

Number 

plot 

Variety. 

selected 

grown  in 

No.* 

plants. 

1911  garden. 

2 

10 

1 

3 

11 

1 

5 

32 

5 

6 

18 

3 

7 

6 

1 

8 

28 

14 

9 

18 

9 

10 

Prosperitv  

32 

14 

13 

28 

12 

14 

.27 

20 

15 

30 

6 

16 

18 

14 

17 

30 

18 

18 

10 

6 

19 

14 

12 

20 

Old  Island  Black  

4 

1 

23 

21 

10 

25 

28 

14 

26 

16 

6 

27 

16 

5 

28 

17 

1 

29 

25 

2 

31 

21 

13 

Total  

460 

188 

*  For  a  description  of  these  varieties,  source  of  seed,  etc.,  see  Surface  and  Barber, 
Loc.  cit. 
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\\'ORK  IN  191 1. 

Seed  from  the  188  selected  plants  were  grown  in  garden  ro'>v.- 
in  1911.  In  many  instances  two  or  more  rows  were  grown  fror  . 
the  same  plant.  Each  row  was  planted  with  seed  from  a  single 
culm  of  the  plant.  In  this  way  we  were  certain  that  all  the 
plants  in  a  given  row  were  the  offspring  of  a  single  individual. 
Where  plants  are  taken  from  a  field  plot  it  is  not  always  possible 
to  be  certain  that  several  different  culms  belong  to  a  single  plant. 

Each  row  was  about  6  feet  long  and  contained  25  kernels 
The  plants  were  3  inches  apart  in  the  row  and  the  rows  in  1911 
were  alternately  one  foot  and  two  feet  apart.  This  broug'rt 
the  rows  in  pairs  with  a  one- foot  space  between  the  rows  of  a 
pair  and  a  two-foot  space  between  the  pairs  of  rows.  This 
latter  space  allowed  ample  access  to  the  individual  plants  i.i 
taking  notes,  etc. 
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Fig.  17.    Facsimile  of  progeny  row  record  blanks  used  in  the  oat 

breeding  work. 

Careful  notes  were  taken  with  regard  to  each  row.  When 
ripe,  the  plants  of  each  row  were  pulled  and  tied  together  wit'- 
the  row  number  tag  attached.  After  the  plants  were  thorough!, 
tlrv  they  were  weighed,  measured  and  threshed.  In  some  ca5e> 
each  inilividual  plant  was  threshed  separately.  In  other  case- 
all  the  plants  of  a  row  were  threshed  together.    In  either  case 
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all  mutilated  plants  were  discarded.  The  data  were  recorded  on 
5"  X  8"  loose  leaf  sheets  like  that  shown  in  Fig.  17. 

Since  the  number  of  threshed  plants  varied  in  different  rovrs 
the  average  per  plant  of  a  given  character  was  used  in  com- 
paring different  rows. 

From  the  notes  and  the  data  thus  obtained  a  further  selec- 
tion was  made  and  only  the  very  best  rows  were  selected  for 
propagation  the  next  year. 

Work  in  1912. 

Eighty-two  rows  from  the  191 1  garden  were  regarded  as 
good  enough  to  be  tested  further.  In  one  case  two  of  these 
rows  belonged  to  the  same  pure  line.  In  another  case  three 
rows  were  from  the  same  line.  There  were  then  79  pure  lines 
tested  in  1912.  Seeds  from  these  selected  rows  were  planted 
by  hand  in  small  plots.  These  plots  were  four  feet,  six  inches 
wide  and  four  feet,  ten  inches  long,  giving  a  total  area  of  21.75 
square  feet,  or  1-2000  of  an  acre.  The  grain  was  planted  in 
rows  three  inches  apart  and  one  and  one-half  inches  between 
the  plants  in  the  row.  There  were  in  each  plot  18  rows  with 
39  plants  to  the  row.  This  makes  702  plants  per  plot  or  at 
the  rate  of  1,404,000  plants  per  acre.  This  is  about  the  average 
number  of  grains  of  a  medium  sized  oat  sown  on  an  acre  when 
seeded  at  the  rate  of  two  bushels.  Each  pure  line  was  planted 
in  duplicate  plots  of  this  size  and  the  average  of  the  two  plots 
for  each  character  was  taken  for  comparison  of  the  different 
pure  lines. 

The  planting  of  such  plots  has  been  greatly  facilitated  by 
the  use  of  a  planting  board  like  that  shown  in  figure  18.  This 
board  contains  rows  of  3-8  inch  pegs  spaced  at  the  proper  dis- 
tances.' 

During  the  growing  season  detailed  notes  were  taken  regard- 
ing each  plot  and  when  ripe  the  plots  were  harvested  and  later 
threshed.  On  the  basis  of  these  data  the  pure  lines  were  again 
subjected  to  a  severe  selection.  Out  of  the  79  pure  lines  tested 
in  these  plots  34  were  chosen  for  testing  in  larger  field  plots. 

The  threshing  data  from  these  34  pure  lines  are  given  in 
Table  2.    The  measurements  are  recorded  in  centimeters  and 


"The  board  shown  is  designed  for  marking  only  half  a  plot  and  varies 
somewhat  in  shape  from  that  described  above. 
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Fig.  18.    Pliotograph  of  a  planting  board  used  in  planting  1-2000 

acre  plots. 


the  weights  of  straw  and  grain  in  grams.  In  order  to  make 
these  figures  more  inteUigible  to  those  unaccustomed  to  the 
metric  system,  the  calculated  yield  in  bushels  per  acre  is  also 
given.  It  will  be  understood  that  in  calculating  acre  yields  from 
small  garden  plots  it  is  not  a.-sumed  that  in  actual  practice  such 
yields  would  necessarily  be  obtained  on  the  larger  areas.  How- 
ever, the  translation  of  yield  in  grams  per  1-2000  acre  plot  t" 
yield  in  bushels  per  acre  merely  means  multiplying  the  former 
by  a  constant  factor.  So  that  for  purposes  of  comparing  the 
different  pure  lines  one  column  can  be  used  as  well  as  the  other. 
As  a  matter  of  fact,  however,  the  results  obtained  in  the  vari- 
ety tests  in  1914  and  191 5  (see  tables  4  and  5)  indicate  that  tlie 
vields  calculated  from  these  garden  plots  are  not  far  abov^ 
what  may  be  expected  from  a  properly  handled  crop  in  a  favor- 
able season. 
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From  Table  2  it  is  noted  that  these  pure  lines  averaged  to 
yield  at  the  rate  of  from  132.8  bushels  to  81.3  bushels  per  acre. 
It  will  be  understood  that  the  34  lines  given  in  the  table  are 
selected  from  the  79  w^hich  were  grown.  As  a  rule  the  discarded 
lines  yielded  less  than  those  given  in  the  table.  However,  in 
instances  where  high  yielding  lines  showed  undesirable  charac- 
ters these  were  also  discarded. 


Table  2. 

Data  from  the  1-2000  acre  plots  of  the  ^4  selected  pure  lines'. 

Grown  in  ipi2. 


Calculated 

liine 

Height 

weignt  01 

Weight  of 

bushels 

i\0. 

i  ARENT  VARIETY. 

cm. 

straw 

grain 

per 

gms. 

gms. 

acre. 

:  47 

r^rorted  Scotch  

1C4 

1 

1871 

963 

5 

132.8 

-re 

rish  Vi-'tor  _ 

113 

0 

1780 

953 

5 

131.4 

346 

Irish  Victo  ■  

108 

0 

1601 

916 

0 

126.7 

281 

6 

2245 

915 

0 

126. 1 

74 

President  

115 

6 

2317 

897 

7 

123.7 

340 

Irish  Victor  

105 

4 

1.-40 

892 

5 

123.0 

250 

Imported  Scotch  

97 

7 

1520 

884 

5 

121.8 

286 

Banner  

112 

5 

1999 

871 

5 

120.1 

337 

Irish  Victor  

102 

9 

1.569 

832 

0 

114.7 

122 

104 

1 

1613 

807 

0 

111.2 

82 

116 

8 

2280 

800 

5 

110.3 

357 

Banner  

110 

8 

1901 

796 

5 

109.7 

334 

106 

7 

1602 

790 

5 

108.9 

238 

Regenerated  Swedish  Select  

101 

6 

1430 

778 

0 

107.2 

199 

Prosperity  

111 

8 

1896 

775 

5 

106.9 

78 

ICO 

3 

1695 

7.52 

0 

103.6 

351 

110 

5 

1844 

745 

5 

102.7 

355 

104 

8 

1778 

739 

8 

102.0 

198 

Prosperity  

112 

8 

1.544 

737 

0 

101 .6 

79 

111 

8 

1670 

727 

0 

100.2 

307 

106 

7 

1587 

721 

5 

99.4 

105 

4 

1583 

719 

5 

99.2 

.^.mlin  

ICO 

3 

I2I1 

718 

0 

98.9 

7.' 

P  esioent  

109 

2 

1676 

702 

5 

97.3 

12  s 

97 

8 

1.500 

701 

0 

96.5 

201 

94 

0 

1238 

700 

5 

96.4 

103 

President  

100 

3 

1390 

697 

0 

96.0 

133 

96 

5 

11.52 

679 

0 

93.6 

249 

Imported  Scotch  

111 

0 

1975 

656 

0 

90.4 

2fil 

97 

8 

1485 

630 

5 

86.9 

104 

Swedish  Select  

109 

2 

1231 

619 

5 

85.9 

243 

97 

8 

11.52 

606 

5 

83.6 

239 

Regenerated  Swedish  Select  

97 

8 

1398 

".!  601 

0 

82.8 

139 

Regenerated  Swedi.sh  Select  

96 

5 

1271 

595 

0 

81.3 

It  is  of  interest  to  note  the  distribution  of  these  pure  lines 
among  the  dif¥erent  parent  varieties.  From  Table  i  it  is  noted 
that  there  were  188  pure  lines  grown  in  garden  rows.  These 
188  pure  lines  represent  18  differently  named  varieties.  The 
34  lines  given  in  Table  2  represent  eight  different  commercial 
varieties.    It  will  further  be  noted  from  Table  2  that  certain 
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varieties  are  represented  by  a  large  number  of  lines.  These 
varieties  are  the  Banner,  President,  Irish  Victor  and  Regen- 
erated Swedish  Select.  It  will  further  be  noted  that  the  ma- 
jority of  the  Swedish  Select  lines  are  near  the  bottom  of  the 
table,  indicating  relative  low  yield. 

Work  in  1913. 

In  1913  each  of  the  34  lines  given  in  Table  2  were  grown  in 
one  or  more  1-40  acre  plots.  These  plots  were  located  in  ihe 
field  with  the  plots  of  the  commercial  varieties  for  that  year. 
For  a  description  of  the  soil,  methods  of  seeding,  har\-esting. 
etc.,  the  reader  is  referred  to  the  earlier  paper  by  Surface  and 
Barber."  In  each  of  the  three  years,  1913  to  1915,  in  which 
these  pure  lines  have  been  tested  in  field  plots,  they  have  been 
grown  in  the  same  field  and  treated  in  exactly  the  same  manner 
as  the  plots  of  the  commercial  varieties.  In  1913  the  pure  line 
plots  were  grown  all  together  along  one  side  of  the  field.  In 
the  two  other  years  the  pure  line  plots  have  alternated  with 
the  plots  of  the  commercial  varieties." 

In  19 1 3  there  was  not  enough  seed  from  many  of  these  lines 
to  plant  more  than  a  single  plot.  Table  3  gives  the  detailei 
results  for  each  pure  line. 

From  this  table  it  will  be  noted  that  individual  plots  yielded 
from  83  to  46  bushels  per  acre.  Four  plots  yielded  above  80 
bushels  and  10  plots  between  70  and  80  bushels  per  acre. 
Seven  lines  with  two  or  more  plots  gave  an  average  jneld  of  70 
bushels  or  more. 

•Surface.  F.  M.  and  Barber,  C.  W.  Studies  on  Oat  Breeding.  I. 
Variety  Tests  1910-1913.  Maine  Agr.  Expt  StaL  Ann.  Rept.  1914,  pp. 
137-192.    (Bulletin  No.  229). 

"Owing  to  the  fact  that  the  field  on  which  these  plots  were  grown 
was  quite  irregular  in  shape,  the  method  of  obtaining  corrected  j-ields 
described  on  page  114  cannot  readily  be  applied  to  these  plots.  For  this 
reason  the  discussion  of  the  1913  results  is  based  on  the  observed  yields 
only. 
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Table  3. 
Test  of  J4  Pure  Lines  in  1913. 


Vabiety  Number. 

Plot 
niiinlDcr. 

Stbaw 

Yield. 

Grain 

Yield. 

Weight  per 

measured 

bushel. 

Days  to 
maturity. 

Lbs.  per 
plot. 

Lbs.  per 
acre.  j 

Lbs.  per 
1-40  acre 
plot. 

Observed 
bu.  per 
acre. 

Maine  336  

580 

93 

0 

3720 

65 

0 

81 .3 

35 

9 

102 

581 

70 

2820 

69.4 

38 

4 

102 

Average  

81 

7 

3270 

60 

3 

7o'.S 

37 

2 

102 

578 

64 

0 

2560 

52 

0 

65.0 

39 

0 

99 

*579 

100 

5 

4020 

62 

5 

83.2 

36 

4 

99 

83 

3 

3290 

57 

3 

74.1 

37 

7 

99 

565 

73 

5 

2940 

53 

5 

71.2 

36 

5 

105 

601 

77 

0 

3080 

60 

0 

75.0 

34 

1 

105 

Average  

75 

S 

3010 

56 

8 

73.1 

36 

1 

105 

Maine  346  

584 

69 

0 

2760 

56 

0 

70.0 

37 

4 

99 

585 

65 

0 

2600 

59 

0 

73.8 

37 

3 

99 

67 

0 

2680 

57 

5 

71.9 

37 

4 

99 

Maine  78  

606 

71 

0 

2840 

57 

0 

71.3 

39 

3 

103 

560 

90 

0 

3600 

58 

0 

72.5 

35 

6 

105 

561 

86 

0 

3440 

61 

0 

76.3 

35 

5 

105 

570 

59 

5 

2380 

51 

5 

64.4 

35 

8 

104 

78 

5 

3H0 

56 

8 

71 .0 

35 

7 

105 

Maine  286  

566 

79 

5 

3180 

59 

_ 

74  4 

35 

2 

99 

567 

68 

0 

2720 

54 

0 

67.5 

105 

73 

8 

2950 

66 

7 

70.9 

102 

558 

93 

5 

3740 

66 

5 

83  1 

36 

2 

105 

- 

559 

87 

0 

3480 

63 

0 

80.0 

35 

6 

105 

562 

56 

0 

2240 

43 

0 

53  8 

36 

g 

104 

Average  

563 

62 

5 

2500 

50 

5 

63!l 

36 

7 

104 

74 

8 

2990 

55 

7 

70.0 

36 

4 

102 

564 

72 

0 

2880 

56 

0 

70.0 

36 

2 

105 

Maine  128  

597 

75 

Q 

30C0 

.)D 

U 

70  0 

2 

102 

568 

55 

7 

2228 

46 

3 

69^4 

36 

7 

102 

602 

56 

5 

2260 

46 

.5 

69.3 

37 

8 

101 

572 

63 

0 

2520 

55 

0 

68.0 

37 

4 

102 

587 

71 

5 

2860 

55 

5 

69.4 

37 

9 

104 

588 

63 

5 

2540 

54 

5 

68.1 

37 

8 

105 

- 

67 

5 

2700 

55 

0 

68.8 

37 

4 

105 

Maine  243  

603 

64 

5 

2580 

54 

5 

68.1 

37 

8 

102 

591 

47 

7 

1908 

47 

3 

67.6 

39 

5 

101 

586 

76 

5 

3060 

54 

0 

67.5 

39 

3 

104 

600 

64 

0 

2560 

54 

0 

67.5 

39 

0 

102 

Maine  307  

569 

61 

5 

2460 

53 

5 

66.9 

36 

8 

102 

Maine  82  

589 

73 

0 

2920 

55 

0 

68.8 

34 

8 

106 

590 

67 

0 

2680 

51 

0 

63.8 

35 

8 

106 

70 

0 

2800 

53 

0 

66.3 

35 

3 

106 

604 

68 

0 

2720 

52 

0 

65.0 

36 

9 

103 

598 

75 

5 

3020 

54 

5 

68.1 

36 

4 

103 

599 

57 

5 

2300 

46 

5 

58.1 

36 

8 

102 

66 

6 

2660 

50 

6 

6.?.  / 

36 

6 

103 

*  Plots  marked  with  (*)  were  not  exactly  1-40  acre  in  area  when  harvested.  The 
yields  of  these  plots  have  been  calculated  to  a  1-40  acre  basis  in  order  to  be  comparable 
with  the  other  plots. 
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Table  3. 

Test  of  S4  Pure  Lines  in  igi^ — Concluded. 


Straw 

Yield. 

Gr.vin" 

Yield. 

Variety  Number. 

• 

Plot  i 
number. 

! 

t.. 
E 

■S3 
iJ  a 

%  t 

It, 

5  ■  c 

— >  t-^ 

■|i.= 

^15 

0  «j 
*->  — " 

oa  3 
>>w 
3  a 

573 

72 

0 

2880 

52 

0 

65 

0 

37 

7 

102 

574 

101 

0 

4040 

48 

5 

60 

6 

35 

8 

99 

Ateraffe  

86 

' 

3460 

60 

3 

Ot 

H 

S6 

8 

101 

Maine  201  

571 

61 

0 

2440 

50 

0 

62 

5 

37 

2 

104 

Maine  199  

594 

62 

5 

2500 

49 

5 

61 

9 

36 

6 

1C3 

Maine  334  
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*  Plots  marked  with  (*)  were  not  exactly  1-40  acre  in  area  when  oarve^ted.  The  yields 
of  these  plots  h.ivc  been  calculated  to  a  1-40  acre  basis  in  order  to  be  comparable  with 
the  other  plot:<. 


The  average  yields  of  the  commercial  varieties  tested  in  191.^ 
have  been  given  by  Surface  and  Barber  (^loc.  ext.).  By  refer- 
ence to  Table  6  of  that  paper  it  will  be  noted  that  only  one 
variety,  the  Siberian,  yielded  as  high  as  70  bushels. 

The  fact  that  the  plots  of  the  commercial  varieties  and  the 
pure  lines  were  arranged  on  separate  sides  of  the  field  in 
1913  make  it  somewhat  difficult  to  draw  reliable  comparisons. 
As  a  whole,  the  land  on  which  the  pure  lines  were  grown  wa-. 
somewhat  inferior  to  that  on  which  the  commercial  varieties 
grew.  Nevertheless,  individual  lines  far  outyielded  the  com- 
mercial varieties.  The  average  yields  of  the  two  sets  of  plots 
did  not  show  a  very  great  difference.  The  21  commercial  vari.^- 
ties  averaged  to  yield  62  bushels  per  acre,  while  the  34  pure 
lines  gave  65  bushels. 
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Work  in  19 14. 

In  1914,  31  of  these  pure  lines  were  tested  again.  Three 
lines,  viz.,  139,  243  and  249,  were  discarded  because  they  pos- 
sessed certain  undesirable  characters.  The  data  from  the  1913 
test  were  not  sufficient  to  warrant  discarding  any  of  the  other 
lines.  By  this  time  practically  all  of  the  lines  possessing  weak 
straw,  poor  head  character,  or  poor  grain  had  been  discarded. 
The  further  selection  in  these  pure  lines  would  have  to  be 
largely  upon  the  question  of  yield.  Consequently  two  or  three 
years  records  are  necessary. 

Owing  to  a  large  amount  of  other  work  in  1914,  it  was  not 
possible  to  plant  more  than  two  plots  of  each  pure  line.  Two 
lines  were  represented  by  only  a  single  plot.  These  pure  line 
plots  alternated  in  the  field,  with  the  plots  of  standard  commer- 
cial varieties.  They  were  therefore  tested  under  exactly  the 
same  conditions  so  far  as  that  was  possible. 

In  connection  with  these  tests  a  tnethod  has  been  devised  to 
correct  the  yields  of  individual  plots  for  differences  in  the  soil. 
Before  discussing  the  results  of  the  1914  tests  it  will  be  neces- 
sary to  consider  this  method  very  briefly. 

The  method  used  by  us  in  testing  varieties  is  to  grow  several 
(usually  4)  systematically  repeated  plots  of  the  same  variety. 
These  plots  are  each  33  feet  square,  or  1-40  of  an  acre.  Where 
four  of  these  are  grown  it  makes  i-io  acre  devoted  to  each  vari- 
ety. It  has  been  clearly  proven  that  much  more  satisfactory 
results  are  obtained  by  growing  several  systematically  repeated 
small  plots  of  one  variety  than  by  growing  a  single  large  plot 
With  single  plots  one  of  these  may  fall  on  better  ground  and 
give  a  much  better  yield  for  that  reason,  although  the  intrinsic 
yielding  ability  of  the  variety  may  not  be  as  good  as  some  of 
the  others  which  were  on  poorer  soil.  Where  several  plots  are 
grown  and  scattered  over  the  field  there  is  much  less  chance  of 
all  of  them  falling  in  very  good  or  very  poor  soil. 

Even  where  several  plots  are  grown  there  is  some  chance 
that  one  or  two  of  these  will  fall  in  exceptionally  good  or  ex- 
ceptionally poor  soil  and  these  may  unduly  affect  the  average 
yield.  To  take  account  of  this,  a  method  has  been  devised  by 
which  the  yield  of  each  plot  can  be  corrected  for  differences  in 
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soil.  The  details  of  this  method  have  been  published"  in  another 
place  and  will  not  be  repeated  here.  Briefly  the  principle  upon 
which  this  method  is  based  is  to  determine  first  the  most  proba- 
ble yield  of  each  plot  in  the  field  on  the  assumption  that  there  is 
no  intrinsic  dift'erence  in  the  yield  of  the  different  varieties.  In 
other  words,  a  "calculated"  yield  is  obtained  which  is  the  proba- 
ble yield  of  each  plot  on  the  assumption  that  all  plots  had  been 
planted  with  a  hypothetical  variety  whose  mean  yield  is  the  same 
as  the  observed  average  of  all  the  plots. 

The  differences  between  the  "calculated"  yield  of  any  plot 
and  the  average  of  the  field  may  be  taken  as  a  measure  of  the 
goodness  of  the  soil  in  that  plot.  Thus  if  a  certain  plot  has  a 
"calculated''  yield  of  lo  bushels  above  the  average  of  the 
field,  it  means  that  the  soil  on  this  plot  is  capable  of  producing 
about  10  bushels  per  acre  more  grain  than  the  field  as  a  whole. 
Therefore,  the  observed  yield  of  the  variety  on  this  plot  is 
higher  than  it  ought  to  have  been  for  comparative  purposes. 
In  order  to  make  the  yield  of  this  plot  comparable  with  the 
field  as  a  whole  it  would  be  necessary  to  deduct  lo  bushels  Cor 
at  least  a  percentage  figure  based  on  this  amount)  from  the  ob- 
served yield.  In  case  the  "calculated"  yield  is  below  the  average 
of  the  field  a  corresponding  amount  must  be  added  to  the  ob- 
served yield.  For  further  details  of  this  method  with  examples 
the  reader  is  referred  to  the  above  mentioned  paper. 

This  method  has  been  tested  out  under  a  variety  of  conditions 
and  appears  to  give  very  satisfactorj-  results.  We  have  applied 
this  method  of  correction  to  the  1914  and  191 5  plots  and  the 
discussion  of  the  results  will  for  the  most  part  be  based  on 
these  corrected  yields.  The  1913  plots  were  on  a  somewhat 
irregularly  shaped  piece  of  ground  and  it  was  not  possible  to 
use  this  method  of  correction  satisfactorily. 

There  is  no  doubt  but  that  small  plots  of  oats  Hke  the^e 
g^ve  a  somewhat  higher  absolute  yield  than  --an  be  expected 
when  an  entire  field  is  planted.  The  reason  for  this  is  that 
the  necessary'  pathways  allow  more  air  and  sunlight  and  al>o 
afford  more  plant  food  for  tlie  marginal  plants.  However  this 
may  be,  there  is  positive  evidence  that  much  better  results  are 

"Surface.  F.  M.  and  Pearl.  R.  On  a  Method  of  Correcting  for  Soil 
Heterogeneity  in  \"ariety  Tests.  Jour.  Agric.  Research,  Vol.  V,  pp. 
1039  to  1050,  1916. 
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obtained  in  a  variety  test  with  several  small  plots  of  each  vari- 
ety than  with  a  single  large  one.  Furthermore  all  the  plots  are 
subjected  to  the  same  conditions  and  consequently  the  results  are 
comparable.  Some  of  our  observations  indicate  that  the  yield 
of  oats  in  1-40  acre  plots  may  be  10  per  cent  higher  than  in  a 
large  field.  If  the  reader  so  desires  he  may  reduce  the  yield 
reported,  by  10  or  even  15  per  cent  but  that  will  not  in  the  lea-^t 
afifect  the  conclusions  drawn  from  this  work  as  to  the  relative 
value  of  these  varieties.  It  is  this  relative  value  which  we  are 
trying  to  determine.  The  use  of  systematically  repeated  small 
plots  helps  very  materially  in  reducing  the  experimental  errors 
due  to  differences  in  soils  and  other  environmental  condi- 
tions and  aids  us  in  determining  the  relative  intrinsic  value  of 
the  different  varieties. 

In  1914  the  test  plots  were  located  in  the  field  to  the  south- 
west of  the  buildings  on  Highmoor  Farm.  They  were  on  the 
west  side  of  the  farm  road  and  extended  from  the  house  almo.st 
to  Ben  Davis  No.  i  orchard.  This  field  had  been  in  potatoes  in 
1913.  The  land  was  apparently  very  uniform  with  the  excep- 
tion of  a  few  places  where  a  ledge  came  near  the  surface.  These 
spots  were  not  included  in  the  variety  test.  The  methods  cf 
handling  the  soil  and  the  crop  were  the  same  as  those  given  in 
a  previous  paper." 

The  plots  were  arranged  in  six  tiers,  each  with  28  plots.  Al- 
lowing for  plots  not  planted  on  account  of  ledges,  etc.,  there 
were  148  plots  in  the  variety  test.  Eighty-eight  of  these  were 
sown  with  commercial  varieties,  i.  e.,  there  were  22  commercial 
varieties  with  four  plots  each.  The  remaining  plots  contained 
the  pure  line  varieties  discussed  in  this  paper.  The  plots  were 
planted  May  3  to  6  with  the  exception  of  a  few  which  on  ac- 
count of  heavy  rains  could  not  be  sown  until  about  ten  days 
later. 

The  seasonal  conditions  for  oats  in  191 4  were  very  favorable. 
A  sufficient  supply  of  moisture  well  distributed  throughout  the 
season  produced  a  very  heavy  crop.  The  yield  in  this  year  was 
much  heavier  than  can  be  expected  throughout  a  series  of  years. 

The  yield  and  other  data  for  each  of  the  pure  line  plots  to- 
gether with  the  average  observed  and  corrected  yield  of  each 
line  is  given  in  Table  4. 


Surface  and  Barber.   Loc.  cit. 
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Table  4. 
Test  or  Pure  Lines  in  1914. 
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From  this  table  (4)  it  will  be  noted  first  that  the  yields  of 
grain  are  absolutely  much  higher  than  in  191 3.  Individual 
plots  gave  an  observed  yield  as  high  as  120  bushels  per  acre. 
The  reason  for  this  is  partly  in  the  better  soil  in  the  1914  field, 
but  more  especially  in  the  very  favorable  season.  While  there 
was  abundant  moisture  well  distributed  throughout  the  growing 
season,  nevertheless  there  were  no  flooding  rains  or  heavy  wind 
storms  to  damage  the  crops.  As  a  matter  of  fact,  the  seasonal 
conditions  were  almost  ideal.  The  yields  obtained  in  1914 
would  seem  to  represent  almost  a  maximum  production. 

The  average  observed  yield  for  the  several  pure  lines  ranged 
from  108.8  bushels  in  Xo.  340  to  62.2  bushels  in  No.  104.  Thus 
showing  a  range  of  over  46  bushels  between  the  highest  and  the 
lowest  yielding  lines. 

The  corrected  average  yield  per  acre  varied  from  105.3 
bushels  in  Xo.  355  to  65.7  bushels  in  Xo.  104.  The  range  is 
about  6  bushels  less  than  in  the  case  of  the  observed  yields. 

The  average  corrected  yield  of  all  the  pure  lines  tested  was 
86.9  bushels.  This  is  nearly  22  bushels  per  acre  better  than  the 
average  of  these  pure  lines  in  1913. 

The  highest  observed  yield  among  the  22  commercial  varie- 
ties tested  in  1914  was  105  bushels  for  the  Minnesota  26.  This 
was  the  only  commercial  variety  with  an  observed  yield  of  over 
100  bushels.  On  the  other  hand,  six  of  the  pure  line  varieties 
gave  an  average  observed  yield  of  over  100  bushels.  Regarding 
the  corrected  yields,  which  is  undoubtedly  a  fairer  basis  of 
comparing  the  varieties,  the  highest  yield  in  a  commercial  vari- 
ety was  96.1  bushels  shown  by  the  Lincoln  variety.  There  were 
six  pure  lines  which  gave  an  average  corrected  yield  of  over  96 
bushels.  More  detailed  comparison  of  the  yield  of  commercial 
varieties  and  pure  lines  will  be  given  after  the  results  of  the 
191 5  test  have  been  considered. 

The  average  yield  of  straw  per  acre  varied  from  5308  pounds 
to  3090  witli  an  average  of  3902  pounds.  Comparing  this  with 
the  average  weight  of  straw  in  19 13  (Table  31  it  is  seen  that 
the  straw  yield  in  1914  is  nearly  1200  pounds  per  acre  greater 
than  in  the  preceding  year. 

The  weight  per  measured  bushel  was  not  obtained  for  all  of 
the  lines.    For  the  sixteen  lines  in  which  it  was  determined  the 
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average  weight  varied  from  42.8  to  37.0  pounds  per  bushel 
with  an  average  of  39.9.  Comparing  with  Table  3,  it  will  be 
seen  that  this  average  is  over  two  pounds  per  bushel  higher 
than  in  1913,  showing  that  the  increased  yield  was  accompanied 
by  an  increase  in  quality. 

The  number  of  days  from  planting  to  harvesting  varied 
from  105  to  90  with  an  average  of  97.  This  was  an  average  of 
four  days  less  than  in  1913. 

Work  in  191 5. 

In  order  to  test  more  thoroughly  some  of  these  pure  lines  a 
number  of  the  poorer  ones  were  discarded  entirely  as  showing 
nothing  essentially  better  than  already  found  in  commercial 
varieties.  Certain  other  of  these  pure  lines  were  held  over  10 
be  tested  more  thoroughly  in  later  years.  Twelve  of  these  lines 
were  grown  in  quadruplicate  plots  in  1915  in  connection  with  11 
of  the  best  commercial  varieties.  The  pure  line  plots  alternated 
with  the  plots  of  the  commercial  varieties.  A  map  of  these 
1 91 5  plots  has  been  published  in  connection  with  another  paper". 

These  191 5  plots  were  located  on  the  east  side  of  the  farm 
road  leading  from  the  buildings  on  Highmoor  Farm  to  Ben 
Davis  No.  i  orchard.  They  were  on  the  end  of  the  field 
next  to  the  orchard.  This  land  had  been  in  grass  in  1913. 
This  field  had  been  cropped  for  several  years  and  was  some- 
what deficient  in  humus.  It  was  plowed  in  the  fall  of  1913 
and  in  1914  a  crop  of  buckwheat  was  grown  and  turned  under. 

The  method  of  preparing  the  land,  fertilizing,  planting,  etc., 
were  the  same  as  in  previous  years.  The  plots  were  planted  on 
April  21  and  22,  about  10  days  earlier  than  usual  at  Highmoo'. 

The  detailed  results  of  the  1915  test  of  the  12  pure  lines  are 
given  in  Table  5.  The  lines  are  arranged  in  the  order  of  their 
corrected  yield. 

From  this  table  it  is  noted  first  that  the  yields,  both  observed 
and  corrected,  are  somewhat  lower  than  in  19 14,  but  distinctly 
higher  than  in  1913.  The  season  of  1915  was  in  many  respects 
favorable  for  oats.    In  particular  there  was  abundant  moisture 

"Surface,  F.  M.  and  Pearl,  R.  On  a  Method  of  Correcting  for  Hetero- 
geneity in  Variety  Tests.  Journ.  Agr.  Research,  Vol.  V.,  pp.  1039-1050, 
1916. 
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throughout  the  growing  season  and  the  early  part  of  the  season 
was  cool.  Both  of  these  things  are  essential  to  a  good  oat  crop. 
The  chief  disturbing  factor  was  the  very  heavy  flooding  rains 
often  accompanied  by  wind.  Any  varieties  which  had  a  ten- 
dency to  lodge  were  very  severely  affected.  As  a  matter  of 
fact,  these  varieties  had  all  been  carefully  selected  with  refer- 
ence to  strength  of  straw  and  few  of  them  lodged  to  any 
extent.  Further  mention  will  be  made  of  this  in  a  later  pan- 
graph. 


Table  5. 
Test  of  Pure  Lines  in 
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Table  5. 

Test  of  Pure  Lines  in  1915 — Concluded. 


Variety. 

Plot  number. 

Straw  Yield. 

Grain  Yield. 

Weight  per 
measured  bushel. 

Days  to 
maturity. 

Lbs.  per 
plot. 

Lbs.  per 
acre. 

Lbs.  per  1-40 
acre  plot. 

Observed. 
Bushels  per 
acre. 

Coirected. 

Maine  346  

919 

95 

3800 

55 

5 

69.4 

67 

1 

38 

7 

119 

944 

77 

3080 

66 

82.5 

75 

7 

35 

2 

111 
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71 

5 

2860 

61 
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76.9 

83 

6 

37. 

1 
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90 
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72 
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81 
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39. 

0 
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77 
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92 
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61 

6 
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77 

0 

36 

6 
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Maine  286  
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68 

5 
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4 
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68 
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37 

1 
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85 
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98 

S 
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76 
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77 
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0 
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91 
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57 
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72.2 

72 
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89 
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76 
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93 
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52 
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74 
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37 
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88 

7 
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69 
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76 

1 

38 

S 
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90 

6 

3622 

61 

7 

79.1 

78 

6 

37 

6 
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It  will  be  noted  from  this  table  that  the  observed  and  cor- 
rected yields  are  very  nearly  parallel  in  the  majority  of  these 
pure  lines.  The  reason  for  this  is  that  the  soil  in  the  191 5  field 
was  much  more  uniform  than  that  used  in  the  preceding  year. 
The  following  discussion  unless  specifically  stated  will  be  based 
on  the  corrected  yield. 

The  corrected  yield  of  individual  plots  ranged  from  91.9  to 
62.5  bushels.  The  highest  average  yield  was  for  No.  340  and 
No.  355,  viz.,  83.6  bushels  each.  The  lowest  average  yield  was 
75.1  bushels  in  Line  No.  336.  The  average  yield  of  all  the  lines 
was  78.6  bushels  per  acre.  This  was  about  8  bushels  per  acre 
less  than  in  1914. 

The  average  yield  of  straw  per  acre  was  3622  pounds  or 
nearly  300  pounds  less  than  in  1914. 

The  average  weight  per  measured  bushel  was  37.5  pounds, 
or  2.4  pounds  less  than  in  1914. 
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The  most  marked  variation  was  in  the  Days  to  Maturity. 
For  individual  plots  this  ranged  from  123  to  112  with  an  aver- 
age of  116.  This  was  19  days  more  than  in  1914  and  15  days 
more  than  in  1913.  The  reason  for  this  probably  lies  in  the 
nature  of  the  season  and  also  in  the  fact  that  the  ploti  were 
sown  very  much  earlier  than  in  former  years.  Apparently  the 
grain  ripened  at  about  the  same  time  of  the  year  as  usual 
regardless  of  the  fact  that  it  had  been  planted  10  to  12  da}  s 
earlier. 

More  detailed  discussion  of  these  pure  lines  will  be  under- 
taken in  later  paragraphs. 

VARIATION  IN  THE  YIELD  OF  THE  I915  PLOTS. 

■  Surface  and  Barber  (Loc.  cit.)  have  pointed  out  that  other 
things  being  equal  the  variety  which  shows  the  least  tendency 
to  vary  under  different  environmental  conditions  is  the  best 
variety.  Thus  what  is  most  desired  in  a  variety  is  one  which 
will  give  a  good  substantial  yield  under  all  kinds  of  soil  an  ! 
climatic  conditions  to  which  it  is  likely  to  be  subject.  Only  in 
191 5  are  there  sufficient  data  for  determining  the  variation  be- 
tween dift'erent  plots.  For  this  purpose  it  is  desirable  to  use 
the  observed  yields  instead  of  the  corrected.  In  the  case  of  the 
corrected  yields  other  factors  enter  which,  on  the  whole,  ten  '; 
to  lower  the  variability.  The  variation  in  the  obscn  ed  yield 
shows  the  actual  amount  of  difference  due  to  differences  in  soil 
and  other  environmental  conditions. 


Table  6. 

Constants  of  J'arwtion  in  Yield  for  the  Fatir  igjfi  Plots  of 
Each  Pure  Line.     Observed  Yields. 


Vabiett. 
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Coefficient 
of 

TwiatioD. 
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Table  6  shows  the  variation  constants"  for  the  191 5  plots 
based  upon  the  observed  yields.  The  varieties  are  arranged  in 
the  order  of  their  coefficients  of  variation. 

The  following  points  may  be  noted  from  this  table : 

1.  The  standard  deviation  ranges  from  2.73  bushels  per  acre 
to  9.69  bushels.  This  is  a  somewhat  smaller  range  than  has 
usually  been  observed  for  a  similar  number  of  commercial 
varieties. 

2.  The  coefficient  of  variation  is  to  be  regarded  as  the 
better  measure  of  variability  in  cases  like  this.  This  constant 
varies  from  3.52  per  cent  to  12.47  P^"*  cent  with  an  average 
of  7.86. 

3.  With  regard  to  the  coefficient  of  variation,  the  table  falls 
into  two  parts.  The  first  five  varieties  have  a  coefficient  of 
less  than  6  per  cent  and  may  be  regarded  as  showing  a  low 
degree  of  variability.  The  remaining  lines  have  a  coefficient 
of  from  8.5  to  12.5  per  cent  and  thus  have  a  medium  variability. 
Two  of  the  higher  yielding  lines,  viz.,  340  and  357,  are  included 
in  the  first  part  of  the  table.  Insofar  as  the  evidence  goes 
these  varieties  are  to  be  regarded  as  more  desirable  than  those 
with  an  equal  yield,  but  greater  variability. 

Too  much  reliance  should  not  be  placed  upon  these  constants 
which  are  derived  from  a  relatively  small  number  of  plots  and 
for  one  year  only.  They  may,  however,  serve  to  help  point  out 
the  desirability  of  certain  lines  which  for  other  reasons  are 
believed  to  excell  in  quality. 

Mean  Production  for  the  Three  Ye-^rs. 

The  12  pure  lines  grown  in  19 15  have  now  been  tested  for 
three  years.  While  the  tests  have  not  included  the  same  num- 
ber of  plots  each  year,  the  number  of  plots  and  other  condi- 
tions were  nearly  the  same  for  each  line  in  each  year.  There- 
fore, the  yields  in  individual  years  ought  to  afford  some  expres- 
sion of  the  relative  merits  of  the  different  hnes  under  the 
conditions  of  that  year.  Although  the  data  are  not  all  that 
could  be  desired,  some  information  can  be  obtained  by  averag- 

"The  meaning  and  the  method  of  determining  these  constants  and  • 
their  probable  errors  has  been  given  by  Surface  and  Barber  (Loc.  ci(.) 


126      MAINE   AGRICULTURAL    EXPERIMENT    STATION.  1916. 


ing  the  results  of  the  three  years.  The  most  important  charac- 
ter is  of  course  the  yield  of  grain.   This  will  be  considered  first. 

In  the  years  1914  and  191 5  we  have  based  the  discussion 
mainly  on  the  corrected  yields.  For  reasons  discussed  above  it 
is  not  practicable  to  apply  the  correction  method  to  the  19 1.3 
plots.  In  the  tables  below  we  have  used  the  observed  yield  for 
1913  and  the  corrected  yield  for  the  other  two  years.  This 
method  is  perfectly  justifiable  and  after  careful  consideration 
has  seemed  to  be  the  best  method  of  dealing  with  these  data. 
While  some  of  the  1913  yields  are  admittedly  influenced  by 
heterogeneity  in  the  soil,  this  does  not  seem  to  oflPer  ajiy  sound 
reason  for  introducing  similar  errors  in  the  later  years. 

Table  7  gives  the  12  pure  lines  arranged  in  the  order  of  their 
average  yield.  The  yield  for  each  of  the  three  years  is  giv^n 
together  with  the  three-year  average.  In  addition  to  this  the 
name  of  the  parent  variety  from  which  the  selection  was  made 
is  also  given. 


Table  7. 

Yield  of  Grain,  Pure  Lines  Tested  for  Three  Years. 


Line 
number. 

Parent  Variety. 

BciiHELS  PER  .\rRE. 

1913. 

1914. 

1915. 

Meu. 

357  Banner  

71.0 
74  1 
73.1 
70.0 
58.4 
69.4 
66.9 
75.3 
71.9 
62.8 
70.9 
70  0 

105  3 
95.8 
97.0 
98.2 

103.9 
93.8 
95.8 
89.2 
89.5 
92.4 
87.1 
83  1 

S3. 6 
83  6 
81.2 
75.5 
79.2 
76.8 
77.0 
75.1 
77.0 
79.1 
75.<7 
79.1 

86.6 
84.5 
83.8 
81.2 
80.5 
80.0 
79.9 
79  9 
79  5 
78  1 
77  9 
77  4 

69 

94.4 

78.6 

80  8 

One  of  the  most  striking  things  about  this  table  is  the  pre- 
ponderance of  certain  parent  varieties.  These  pure  lines  were 
selected  from  the  188  lines  grown  in  the  191 1  garden  solely  on 
their  merits,  without  thought  or  often  even  without  knowledge 
of  the  parent  variety.  Fourteen  of  the  188  191 1  rows  were 
from  the  Banner  variety  ( cf .  Table  iV  Seven  of  these  are  in- 
cluded in  the  above  table.  Likewise  there  were  14  Irish  Victor 
rows  in  191 1  and  4  of  these  have  been  continued.    Only  one 
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Other  variety  out  of  the  original  18  is  represented  in  the  final 
selection.  This  is  the  Imported  Scotch  with  a  single  line.  Evi- 
dently either  the  . Banner  and  Irish  Victor  possessed  better  yield- 
ing ability  or  else  these  varieties  tend  to  throw  desirable  inherit- 
able variations  more  frequently  than  the  others.  These  points 
will  be  referred  to  below. 

The  average  yield  of  these  pure  lines  ranged  from  86.6 
bushels  to  77.4.  A  total  range  of  about  9  bushels.  The  average 
of  the  twelve  lines  for  the  three  years  is  about  81  bushels  per 
acre. 

The  highest  yielding  line  is  No.  355.  Nos.  340  and  281  were 
only  slightly  below  the  former. 

The  next  six  lines,  Nos.  351,  337,  230,  307,  336,  and  346, 
give  an  average  yield  of  approximately  80  bushels  per  acre. 
The  three  remaining  lines  are  probably  to  be  regarded  as  slightly 
inferior  in  yielding  ability,  although  a  consideration  of  the 
yields  in  individual  years  does  not  always  indicate  this. 

On  the  whole  these  results  indicate  that  these  pure  lines  are 
remarkably  uniform  in  yielding  ability.  While  there  are  some 
differences  in  their  relative  yield  from  year  to  year  and  in  the 
average  yield,  nevertheless  they  are  all  well  adapted  to  the 
conditions  under  which  they  are  grown  at  Highmoor.  This 
is,  of  course,  what  might  be  expected  from  the  fact  that  these 
are  what  remain  after  discarding  the  poorer  strains  from  460 
original  selections. 

It  is  now  of  interest  to  compare  the  yield  of  these  pure  lines 
with  the  yield  of  the  best  obtainable  commercial  varieties 
grown  in  the  same  years  and  under  exactly  the  same  conditions 
as  nearly  as  this  is  possible.  There  are  11  commercial  varie- 
ties which  have  been  tested  for  all  three  years.  For  the  most 
part  these  represent  the  best  commercial  varieties  which  we 
have  been  able  to  obtain.  They  are  selected  from  over  40  varie- 
ties that  have  been  tested  at  Highmoor.  Two  or  three  of  these 
varieties  are  retained  because  they  represent  distinct  types  of 
oats  or  like  the  Swedish  Select  because  they  are  very  popular 
in  this  State. 

Table  8  gives  the  yields  for  these  11  commercial  varieties. 
In  order  to  make  the  tables  as  comparable  as  possible  the  ob- 
served, uncorrected,  yield  is  given  for  1913  and  the  corrected 
yields  for  1914  and  191 5. 
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Table  8. 


Yield  of  Grain,  Commercial  Varieties. 


Bushels  per  Acbe. 


Variety.  ! 

191.3.        1914.        1915.    ,  Mean. 


Early  Pearl   69.7        93.9  '    82.3  82.0 

Minnesota  26    67.7  ,    94.4        82.7  81.6 

Banner   62.7        94.5        81.8  79.7 

Gold  Rain   65.2        90.3        77.9  77.8 

Siberian   71.1         83.3        77.1  77.2 

Prosperity   63.0        92.1         74.1  76.4 

Irish  Victory .  .  67.0  i    82.4  '    76.2  75.2 

Imported  Scotch  67.7  '    87.1  ■    64.8  73.2 

Kherson     60.8        82.7        66.8  70.1 

Swedish  Select     60.9        79.9        68.3  69.7 

Senator     51.7        83.6        57.9    '  64.4 


Average.    .  64.3    '    85.8    I  73.6 


From  this  table  and  the  preceding  it  is  noted : 

(1)  That  the  average  yield  ranges  from  82  bushels  for  the 
Early  Pearl  to  64.4  bushels  for  the  Senator.  This  is  a  range 
of  over  17  bushels  or  very  nearly  twice  as  much  as  for  the  12 
pure  lines. 

(2)  The  average  yield  is  75.2  bushels  against  80.8  for  the 
pure  lines. 

(3)  The  highest  yield  of  the  varieties  is  82  bushels  whi'e 
three  of  the  pure  lines  exceed  this  figure.  The  highest  yield  in 
the  pure  lines  is  86.6  bushels. 

(4)  Only  four  of  the  11  commercial  varieties  give  a  better 
yield  than  the  poorest  of  the  pure  lines. 

(5)  The  seven  Banner  pure  lines  average  to  yield  81  bushels 
per  acre  while  the  parent  variety  in  the  same  years  gave  79.7 
bushels.  This  is  an  average  increase  of  a  little  less  than  a 
bushel  and  a  half  per  acre.  Of  course  some  individual  lines 
far  exceeded  this. 

(6)  The  four  Irish  Victor  pure  lines  averaged  to  yield  81.1 
bushels  while  the  parent  variety  gave  only  75.2  bushels  an 
increase  in  the  pure  lines  of  nearly  6  bushels  per  acre. 

While  these  differences  may  appear  insignificant  to  some 
readers,  such  is  not  the  case.  These  varieties  and  pure  lines 
have  been  tested  under  conditions  which  are  as  nearly  uniform 
for  all  plots  as  it  is  possible  to  make  them.  Corrections  nave  been 
applied  which  take  account  of  differences  in  the  fertility  of  tn* 
soil  of  different  plots.  Checks  upon  the  accuracy  of  the  work 
have  been  applied  wherever  possible.    Further  the  unifonnity 
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of  the  results  in  different  years  indicate  clearly  that  in  these 
pure  lines  we  are  dealing  with  strains  which  are  innately 
superior  to  the  best  varieties  we  have  been  able  to  obtain. 

The  practical  significance  of  using  varieties  with  even  a 
slightly  increased  yield  is  shown  by  a  simple  calculation.  On  the 
average  about  140,000  acres  of  oats  are  grown  in  this  State 
each  year.  If  half  of  this  average  could  be  planted  to  varieties 
which  would  yield  only  two  bushels  per  acre  more  than  those 
now  grown  it  would  mean  at  the  price  of  50  cents  per  bushel 
an  annual  increase  of  $70,000.00  to  the  farmers  of  the  State 
over  and  above  what  they  are  now  receiving. 

Yield  of  Straw  and  Other  Characters. 

Table  9  gives  the  three  year  average  yield  of  straw  per  acre 
for  each  line  also  the  average  weight  per  measured  bushel  and 
the  average  days  to  maturity.  In  addition  to  this  the  average 
yield  of  grain  as  given  in  table  7  is  repeated  for  comparative 
purposes. 

Table  9. 

Average  Yield  of  Straw  and  Other  Characters. 
pure  lines  tested  eor  three  years. 


Line  Ntjmbeh. 

Grain. 
Bus.  per 
acre. 

Stra'n-. 
Lbs.  per 
acre. 

Weight  per 
measured 
bushel. 

Days  to 
maturity. 

86 

.6 

3584 

36 

8 

107 

84 

5 

3907 

39 

7 

103 

83 

8 

3443 

37 

7 

107 

81 

2 

3652 

38 

0 

107 

80 

5 

4019 

39 

3 

103 

Maine  230  

80 

0 

3007 

37 

9 

107 

79 

9 

3424 

37 

2 

106 

79 

9 

3794 

38 

7 

106 

79 

5 

3384 

38 

6 

104 

78 

1 

3767 

38 

2 

104 

Maine  286  

77 

9 

3909 

36 

7 

106 

77 

4 

3394 

36 

8 

109 

80 

8 

3607 

38.0 

106 

From  this  table  it  may  be  noted : 

(1)  That  there  is  no  definite  relation  between  the  yield  of 
straw  and  grain. 

(2)  The  varieties  giving  the  largest  amount  of  straw  are 
337,  286  and  340.  These  are  pretty  evenly  distributed  over 
the  table  in  which  the  lines  are  arranged  in  the  order  of  their 
yield  of  grain. 

3 
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(3)  The  average  yield  of  straw  is  3607  pounds  per  acre 
with  a  range  of  from  3,000  to  4,000  pounds. 

(4)  The  weight  per  measured  bushel  varies  from  36.7  to 
39.7  pounds  with  an  average  of  38. 

(5)  There  is  no  very  definite  relation  between  the  weight 
per  bushel  and  the  yield  of  grain.  No.  340  which  is  one  of  the 
best  yielding  lines  gave  the  highest  weight  per  bushel.  On  tlie 
other  hand  Xo.  355  which  leads  the  list  as  to  yield  gave  one  of 
the  lowest  average  weights  per  bushel. 

(6)  The  average  number  of  days  from  planting  to  harvest 
is  106  with  only  slight  variations.  The  seven  lines  selected  from 
the  Banner  variety  are  later  than  the  others.  These  give  an 
average  of  107  days.  The  Irish  Victor  lines  average  to  mature 
in  104  days.  This  expresses  about  the  average  difference  in 
the  time  of  maturity  of  these  two  varieties  so  that  in  these 
respects  these  lines  are  not  different  from  their  original  parents. 

The  actual  time  to  maturit}*  is  probably  somewhat  less  than 
the  above  figures  in  ordinary  seasons  for  these  averages  are 
unduly  affected  by  the  extra  long  growing  season  in  19 15. 
Further  when  grown  in  large  fields  these  varieties  will  mature 
a  few  days  earlier  than  in  our  plots.  It  is  always  necessar}'  to 
wait  a  few  days  for  the  marginal  plants  to  mature  on  a  small 
plot  after  the  center  of  the  plot  is  ready  to  cut. 

Description  of  the  Plue  Lines. 
In  the  preceding  section  of  this  paper  we  have  discussed 
the  origin,  development  and  the  comparative  analysis  of  the 
pure  lines  based  upon  their  quantitative  characters,  particularly 
the  yielding  ability.  From  the  economic  point  of  view  the  pro- 
ductive power  is  the  most  important  physiological  character  of 
ever>'  commercial  crop.  In  this  sense  the  success  or  failure  of 
the  practical  breeder  naturally  depends  upon  whether  he  will  be 
able  to  procure  and  maintain  strains  which  in  their  high  yield 
and  quality  will  justify  his  endeavors.  It  is,  therefore,  of  grerit 
importance  for  the  breeder  to  have  a  thorough  knowledge  of 
the  underlying  qualitative  characters  which  are  typical  of  the 
highest  yielding  strains  and  varieties  under  given  environmental 
conditions. 

The  importance  of  these  qualitative,  or  morphological  charac- 
ters may  be  seen  from  the  fact  that  they  have  frequently  been 
considered  as  directly  correlated  with  physiological  characters. 


STUDIES  ON    OAT  BREEDING. 


Thus,  the  Swedish  Experiment  Station  at  Svalof  used  these 
morphological  characters  in  its  breeding  work  as  a  basis  for 
isolating  different  types,  distinguished  from  each  other  by  dif- 
ferent qualitative  features.  The  importance  of  the  morphologi- 
cal external  features  of  the  plants,  however,  must  not  be  over- 
estimated and  too  much  relied  upon  when  undertaking  a  selec- 
tion of  desirable  plants  out  of  commercial  varieties.  The  best 
looking  plant  in  such  a  population  does  not  always  possess  the 
best  physiological  qualities.  The  environment  plays  an  im- 
portant part  and  often  misleads  the  breeder.  It  is  not  until  we 
undertake  a  thorough  examination  of  the  progeny  of  a  selected 
plant  that  we  learn  its  true  merits.  Nevertheless  morphological 
characters  may  be  a  valuable  guide  in  breeding  work. 

As  pointed  out  in  the  introduction  of  this  paper,  every  indi- 
vidual in  the  progeny  of  a  self-fertilized  plant  will  have  the 
same  germinal  constitution  as  every  other  individual,  unless 
spontaneous  germinal  changes  should  occur.  Experiments  have 
shown  that  such  changes  are  relatively  infrequent.  It  has  fur^ 
ther  been  shown  that  certain  pure  lines  can  be  isolated  from 
some  commercial  varieties  which  are  far  superior  to  the  parent 
variety  in  one  or  more  characteristics.  It  is  now  of  importance 
to  determine  whether  these  physiological  characters  are  related 
to  definite  morphological  changes  in  the  plant  or  whether  they 
have  occurred  independently  of  changes  in  these  morphological 
features. 

The  data  given  in  the  following  paragraphs  are  the  results 
of  an  attempt  to  find  definite  morphological  characters  which 
might  serve  to  distinguish  these  pure  lines.  No  attempt  has 
been  made  to  determine  the  definite  correlation  between  these 
characters.  The  question  of  correlation  in  oats  has  been  studied 
by  many  writers.  Tschermak"  and  others  have  determined  the 
relation  between  many  morphological  and  physiological  char- 
acters.    Waldron"  and   especially  Love   and   Leighty"  and 

''Tschermak,  E.  v.  Fruwirth's  Handbuch  der.  landwirtschaftlichen 
Pflanzenzuchtung.   2  Auf.  Bd.  4,  1910. 

"Waldron,  L.  R.  A  suggestion  regarding  heavy  and  light  seed  grain. 
Amer.  Nat.,-  Vol.  44,  pp.  48-56,  1910. 

"Love,  H.  H.  and  Leighty,  C.  E.  Variation  and  Correlation  of  Oats 
(Avena  sativa).  Part  L  Studies  showing  the  effect  of  seasonal 
changes  on  biometrical  constants.  Cornell  Exper.  Stat.  Memoir  No.  3, 
pp.  1-70,  1914. 
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Leighty"  have  studied  the  correlation  between  various  charac- 
ters in  different  varieties  and  different  pure  lines.  In  general 
these  studies  have  shown  that  there  is  a  high  correlation  between 
certain  straw  and  head  characters  and  the  yield  of  grain  per 
plant  or  culm.  It  will  therefore  be  of  interest  to  discuss  certain 
of  these  morphological  characters  in  our  pure  lines. 

The  characters  of  these  pure  lines  may  conveniently  be  classi- 
fied into  two  groups,  one  containing  the  features  studied  in  the 
field,  the  other  those  analyzed  in  the  laboratory. 

The  first  feature  of  the  young  oat  plant  attracting  attention 
in  the  field  is  the  stooling.  By  this  we  understand  the  ability  of 
the  cereals  to  produce,  apart  from  the  main  culm,  a  smaller  or 
larger  number  of  adventitious  culms.  While  a  high  stooling 
power  is  not  looked  for  in  dry  and  continental  regions,  it  is  a 
very  desirable  feature  in  this  state  owing  to  the  abundant  pre- 
cipitation well  distributed  throughout  the  growing  season.  This 
is  particularly  true  of  the  central  part  of  this  state  where  the 
growing  season  is  longer  than  in  the  northern  part  and  late 
maturity  of  the  crop,  usually  associated  with  abundant  stooling, 
is  not  to  be  feared.  The  stooling  power  is  influenced  by  envi- 
ronmental factors  such  as  climate,  soil,  fertilizer  and  stand. 
The  stooling  qualities  of  our  lines  were  studied  in  the  garden 
rows  and  under  field  conditions  and  since  they  grew  under  the 
same  environmental  conditions  the  conclusions  concerning  their 
stooling  abilit)-  are  comparable. 

It  has  been  found  that  the  lines  230,  281,  286.  307,  351,  355 
and  357.  all  originally  selected  from  the  Banner  variety,  tend  to 
show  a  high  stooling  power  approached  only  by  the  lines  340 
and  336  of  the  Irish  \^ictor  group.  With  this  vigorous  grow- 
ing tendency  is  associated  a  later  maturity.  The  plants  of  the 
lines  307,  355,  etc.,  devote,  in  their  early  growth,  a  great  amount 
of  growing  energ\^  to  the  production  of  new  culms,  while  other 
lines,  producing  fewer  culms,  use  that  energy-  for  the  further- 
ance of  tlieir  smaller  number  of  heads.  This  comp>ensation  of 
growth  can  be  clearly  seen  by  comparing  the  time  of  heading 
and  maturity  of  the  respective  lines. 

"Leightj-,  C.  E.  \'ariation  and  Correlation  of  Oats.  Part  II.  Eftect 
of  differences  in  environment,  \-arieties  and  methods  on  biometrical 
constants.    Cornell  Exper.  Stat.    Memoir  No.  4.  pp.  81-216.  1914. 
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It  has  been  found  that  the  diiference  in  the  time  of  heading 
of  the  Banner  and  Irish  Victor  lines  respectively  amounts  to 
7-10  days.  This  difference  is  marked  in  the  time  of  blooming 
but  is  even  more  pronounced  towards  maturity  so  that  the 
Irish  Victor  lines  can  be  harvested  several  days  earlier  than 
the  lines  307,  355,  etc.,  of  the  Banner  variety.  Line  247,  the 
only  representative  of  the  ImjK)rted  Scotch  variety,  very  nearly 
approaches  the  Irish  Victor  lines  in  regard  to  stooling  power 
and  maturity.  In  connection  with  Table  9  it  was  pointed  out 
that  for  the  three  years  the  Banner  lines  averaged  to  mature  in 
107  days,  while  the  Irish  Victor  and  Imported  Scotch  lines  each 
averaged  104  days.  In  some  seasons  the  difference  is  much 
more  pronounced  than  that  shown  by  these  averages. 

Thus  the  Irish  Victor  and  Imported  Scotch  lines  may  be 
classified  as  medium  early  and  those  of  the  Banner  variety  as 
medium  late.  The  original  parent  variety  of  the  Imported 
Scotch  consisted  of  a  majority  of  rather  small,  early  plants 
with  slender  yellow  grain  and  a  small  per  cent  of  tall,  large- 
grained  individuals  of  a  yellowish  white  color  and  later  maturity. 
From  this  latter  group  line  247  was  selected.  In  regard  to 
stooling  ability  and  maturity  the  pure  lines  exhibit  a  similar 
behavior  to  that  of  their  parent  varieties. 

The  qualities  of  the  straw  are  the  next  characters  to  be  con- 
sidered. The  character  of  the  straw  determines  the  degree  of 
resistance  of  the  plants  to  wind  storms,  rains  and  the  influence 
of  rich  soil  which  tend  to  cause  lodging.  The  importance  of  the 
structure  and  general  constitution  of  the  straw  under  the  con- 
ditions prevailing  in  this  state  does  not  need  to  be  emphasized. 
The  most  important  of  the  straw  characters  is,  therefore,  its 
breaking  strength.  Several  methods  have  been  tried  by  vari- 
ous investigators  in  determining  this  character.  One  that  is 
very  frequently  used  is  to  determine  the  relative  amount  of 
force  necessary  to  break  a  piece  of  the  dry  straw  of  a  definite 
length".  Some  attempts  were  made  to  determine  this  breaking 
strength  but  the  results  obtained  with  the  dry  straw  did  not 
agree  with  field  observations  as  to  lodging.  Consequently  the 
attempt  was  abandoned. 

Various  investigators  have  also  studied  the  anatomical 
structure  of  the  culm  and  the  amount  of  mineral  substance 


'Leighty,  C.  E.    Loc.  cit. 
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deposited  in  the  straw  in  the  attempt  to  find  a  relation  between 
those  characters  and  the  lodging  of  the  plants.  For  practical 
purposes  under  conditions  facing  the  plant  breeder  in  his  selec- 
tion work,  these  methods  can  not  be  taken  into  consideration. 
It  has  seemed  to  us  more  satisfactory  to  rely  chiefly  upon  expe- 
rience and  observations  made  directly  in  the  field.  The  study 
of  the  actual  conditions  in  the  field,  the  notes  taken  after  heavy 
storms  and  rains  served  in  our  selection  work  as  a  ver>'  valuable 
guide  in  the  process  of  elimination  of  undesirable  strains.  Con- 
sequently under  ordinary  soil  conditions  the  12  ultimately  se- 
lected lines  show  a  very  considerable  resistance  and  strength  of 
straw.  This  was  shown  very  clearly  in  the  season  of  1915 
when  the  very  heavy  flooding  rains  in  the  latter  part  of  the 
season  caused  much  damage  in  the  central  part  of  the  state.  In 
our  plots  those  commercial  varieties  which  were  inclined  10 
lodge  were  in  verv-  bad  condition  at  harvest.  Xone  of  the>e 
pure  lines  were  seriously  damaged.  Several  of  the  Banner 
lines,  especially  357  and  355,  lodged  to  some  extent.  The  Irish 
\'ictor  lines  all  stood  up  well.  Xo.  340  was  grown  a.-  a  farm 
oat  at  Highmoor  and  on  the  entire  13  acres  there  was  only  one 
small  area  that  lodged  at  all.  Of  the  pure  lines,  Xos.  355  and 
357  showed  the  greatest  amount  of  lodging. 

Some  data  with  regard  to  the  height  and  diameter  of  straw 
of  the  pure  lines  are  given  in  Table  10.  These  data  represent 
the  means  of  measurements  of  a  considerable  number  of  indi- 
viduals collected  at  random  in  the  different  field  plots.  It  will 
be  noted  from  this  table  that  the  pure  lines  also  show  only  a 
slight  variation  in  the  lieight  and  diameter  of  the  straw. 

In  regard  to  the  color  and  iiAdth  of  the  leaves  the  pure  lines 
show  again  a  resemblance  to  their  respective  parent  varieties. 
The  Banner  lines  have  slightly  wider  and  darker  leaves  than 
the  Irish  Victor  lines. 

CHAR.\CTERS  OF  THE  HEAD. 

The  panicle  or  head  of  the  oat  plant  contains  a  series  of  ven>' 
important  features  which  determine  the  qualitative  and  quanti- 
tative merits  of  the  plant.  The  t}'pe  of  head  is  therefore  a 
most  important  character  and  a  very  reliable  guide  in  selection 
and  breeding  work.  The  head  characters  serve  to  isolate 
different  forms  and  types  of  oats  and  on  that  basis  the  Svalof 
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Experiment  Station  has  founded  a  system  of  oat  varieties.  In 
the  recent  classification  of  oat  varieties  proposed  by  Bohmer" 
the  type  of  head  has  also  been  used  as  a  distinguishing  basis 
together  with  the  grain  characters,  thus  combining  the  system 
of  the  Svalof  Experiment  Station  based  upon  the  head  types 
with  that  of  Atterberg"""  founded  upon  the  grain  characters. 
The  type  of  the  oat  head  has  also  been  found  to  be  correlated 
with  quantitative  characters.  Thus  at  Svalof  the  spreading  type 
of  head  with  drooping  branches  is  considered  as  correlated 
with  a  small  yield  of  grain." 

The  pure  lines  dealt  with  in  this  paper  belong  to  the  vast 
group  of  oats  with  spreading  heads.  Here  again  they  show  a 
resemblance  to  the  predominating  types  in  their  respective 
parent  varieties.  The  description  of  the  head  character^^  of  the 
pure  lines  will  be  aided  by  referring  to  figures  19  to  24.  These 
photographs  were  taken  shortly  before  maturity  and  all  on 
the  same  day.  The  head  types  of  the  Banner  lines  fall  withi::: 
the  group  of  the  stiff -branched  heads.  As  will  be  seen  from 
figures  19,  23  and  24  the  Banner  head  is  chiefly  characterized  by 
its  vigorous,  stiff,  ascending  branches  forming  a  very  narrow 
angle  with  the  main  axis  of  the  head.  This  is  especially  true  of 
the  first  branches  in  the  lower  whorl.  The  position  of  the 
branches  with  respect  to  the  main  axis  and  the  angle  which  they 
form  with  the  latter  determine  the  character  of  the  head.  Al- 
though with  the  approaching  maturity  the  increasing  weight  of 
the  spikelets  tend  to  bend  the  branches  away  from  the  main 
axis,  the  characteristic  upstanding  habit  can  still  be  clearly 
seen.  In  the  early  growth  and  especially  when  allowed  a 
wide  stand  this  habit  is  considerably  more  pronounced.  The 
branches  of  the  Banner  head  are  vigorous,  medium  long  and 
well  covered  with  spikelets.  The  main  axis  of  the  head  is 
straight  and  well  covered  with  spikelets  at  its  top,  which  is  a 
desirable  feature  since  the  grain  develops  and  matures  best  at 
the  top  of  the  main  axis  and  at  the  tips  of  the  branches.  The 

^"Bohmer.    Uber  die  Systematik  der  Hafersorten,  Berlin,  1909. 

"Atterberg,  A.  Neues  System  der  Hafervarietaten.  Landwirtschaftl. 
Versuchstationen.    Bd.  XXXIX,  Berlin,  1891. 

''"Cited  from  Fruwirlh :  Ziichtung  der  landw.  Kuturpflanzen,  Bd.  IV, 
p.  354,  Berlin,  1910. 
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head  of  the  Banner  oat  has  a  tendency  to  distribute  its  branches 
in  such  a  manner  as  to  leave  a  part  of  the  circumference  vacant 
or  filled  only  with  one  or  two  branches.  Thus  the  Banner 
head  is  not  perfectly  symmetrical.  This  lack  of  symmetry  is 
still  more  intensified  by  the  diflFerent  angles  which  the  branches 
in  the  different  whorls  form  with  the  main  axis. 

While  the  Banner  oat  has  a  typical  stiff-branchea  head,  the 
pure  lines  of  the  Irish  Victor  variet\-  show  characters  of  a 
transitional  type  of  head.  A  comparison  of  figure  19  with  figure 
20  clearly  shows  the  difference  between  the  two  types.  The 
panicle  of  the  Irish  Victor  lines  suggests  a  greater  symmetry 
caused  by  the  more  prof>ortionate  dimensions  of  the  branches 
and  the  more  uniform  angles  between  the  branches  and  the 
main  axis.  It  will  be  noted  that  the  branches  are  more  droop- 
ing, thus  causing  the  head  to  appear  shorter  and  more  extended 
on  its  circumference.  The  branches  of  the  Irish  Victor  head 
spread  more  symmetrically  about  the  whole  circumference  and 
are  somewhat  finer  than  those  of  the  Banner  oat.  The  ma;n 
axis  ascends  straight  upwards  and  is  rich  in  spikelets  at  the  top. 

The  t>'pe  of  head  of  No.  247  of  the  Imported  Scotch  variety 
shows  still  more  clearly  the  drooping  habit.  The  general  picture 
of  this  type  is  given  in  figure  22.  The  head  is  markedly  smaller 
than  that  of  the  two  former  t}-pes.  the  branches  are  shorter 
and  decidedly  more  drooping.  The  main  axis  is  straight  but 
with  a  slight  tendencj'  to  bend  over  at  the  top.  The  branches 
are  proportionate  and  symmetrically  spreading. 

While  the  figures  19  to  24  give  the  general  appearance  of  the 
three  typts  of  head,  a  closer  analysis  of  the  details  of  the.^e 
head  characters  is  shown  in  Table  10. 

This  table  does  not  include  all  the  12  lines.  However  it  con- 
tains the  best  representatives  of  the  three  t\T>es.  The  given 
data  represent  the  means  of  measurements  of  a  number  of  in- 
dividuals of  each  line.  From  this  table  it  may  be  noted  that 
there  is  a  correlation  between  the  length  of  the  head  and  the 
total  number  of  spikelets.  This  correlation  and  several  others 
have  been  established  by  v.  Tschermak"  and  by  Love  and 
Leighty.  It  has  been  shown  that  with  an  increase  in  the  length 
of  the  head  there  is  a  corresponding  increase  in  the  number  of 


"Cf.  Fruwirth.  he.  ctt.,  p.  332. 
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whorls,  the  number  of  spikelets  in  the  lower  whorl,  and  the 
length  of  the  longest  branches  in  the  lower  whorl."* 

Line  355  which  leads  the  list  as  to  yield  ranks  also  highest 
with  regard  to  all  these  head  characters,  while  line  247  occupies 
the  lowest  rank  of  the  table. 

The  lines  355  and  307  of  the  Banner  variety  show  the  highest 
values  for  the  length  of  head  and  for  the  length  of  the  longest 
branch  in  the  lower  whorl.  This  correlation  of  the  longest 
branch  in  the  lower  whorl  is  also  illustrated  by  Line  351. 


Table  10. 


Data  on  Certain  Straw  and  Head  Characters. 


Line 
number. 

Pabbnt  Variety 

Height  of  main 
oulm. 

Diam.  of  straw. 

Length  of  head . 

I^ength  of  longest 
branch  in  lower 
whorl. 

Distance  from 
lower  to  next 
whorl. 

No.  of  whorls. 

No.  of  spikelets 
in  lower  whorl. 

Total  number  of 
spikelets. 

cm. 

mm. 

cm. 

cm. 

cm. 

Maine  355 

138.6 

41.3 

22.0 

12.4 

5.9 

6 

0 

10 

8 

37 

3 

307 

132.9 

39.4 

21.2 

12.6 

5.6 

5 

7 

10 

3 

33 

6 

351 

132.5 

41.7 

20.5 

12.0 

5.7 

5 

4 

9 

8 

32 

4 

340 

133.9 

40.4 

20.7 

11.7 

6.0 

5 

6 

10 

1 

32 

1 

336 

Irish  Victor ..... 

138.6 

41.3 

21.0 

11.3 

5.7 

6 

0 

8 

3 

32 

8 

346 

133.9 

42.9 

20.6 

11.7 

5.6 

5 

8 

10 

5 

33 

4 

247 

Imported  Scotch 

133.7 

40.4 

19.7 

10.9 

5.3 

5 

0 

9 

9 

30 

4 

Average.  .  .  . 

13^.9 

U.l 

20.8 

11.6 

6.7 

5 

6 

10 

0 

S3.g 

GRAIN  CHARACTERS. 

With  pure  lines  selected  chiefly  for  high  yielding  ability  out 
of  only  three  more  or  less  related  commercial  varieties  the  grain 
will  naturally  not  show  many  striking  botanical  characters  that 
would  serve  as  a  basis  for  classification.  Furthermore,  the 
three  groups  of  the  pure  lines  resemble  in  respect  to  external 
grain  characters  their  respective  parent  varieties  so  that  the 

  s 

"It  is  realized  that  the  material  from  which  these  data  have  been  ob- 
tained is  comparatively  small  and  that  the  analysis  of  p  large  number  of 
plants  would  bring  out  these  relations  more  clearly  and  smooth  out  the 
irregularities. 
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question  of  shape  of  kernel  is  reduced  to  the  distinction  of  pos- 
sibly three  types.  The  grain  of  the  Irish  Victor  lines  is  of  medi- 
um size,  of  a  pale  yellow  color  with  a  slightly  reddish  hue.  It 
i.=  nearly  cylindrical,  well  filled,  and  bluntly  pointed.  The 
glumes  are  smooth  and  lustrous.  There  is  no  trace  of  pu- 
bescence on  the  base  or  back  of  the  grain.  The  awns,  which 
are  in  general  a  very  variable  character,  appear  very  infre- 
quently on  the  glumes  of  the  Irish  Victor  grain.  On  the  aver- 
age there  are  only  one  or  two  awns  per  culm.  The  spikelets 
contains  as  a  rule  two  kernels. 

The  type  of  kernel  of  Line  247  very  closely  resembles  that  of 
the  Irish  Victor  lines. 

The  Banner  lines  have  a  rather  coarse  kernel  of  lighter,  al- 
most pure  white  color,  slightly  oval  and  more  pointed  than  the 
Irish  \'ictor.  The  glumes  are  a  little  coarses  than  those  of  the 
Irish  Victor  grain  and  have  not  the  glossy  appearance  of  the 
former  type.    They  show  a  greater  tendency  to  develop  awns. 

While  there  are  only  a  few  distinguishing  qualitative  features 
of  the  grain  of  the  pure  lines,  a  greater  difference  and  variation 
is  exhibited  by  the  quantitative  characters  of  the  kernels. 

The  relation  between  the  three  dimensions  of  the  oat  kernel 
have  been  recognized  as  a  valuable  distinguishing  character. 
They  were  introduced  by  Kornicke  and  Werner"  and  also  used 
for  systematic  purposes  by  Atterberg".  Danaifte  and  Sirodot" 
and  Bohmer**.  The  methods  used  in  measuring  the  length, 
width,  and  thickness  of  the  kernels  of  our  lines  differed  from 
those  followed  by  the  above  named  authors.  They  measure! 
the  grain  as  a  whole,  i.  e.,  enclosed  in  its  hulls,  while  the  data 
eiven  in  Table  11  refer  to  measurements  of  the  hulled,  naked 
kernel,  i.  e.,  the  caryopsis  itself. 


'•■'Kcirnicke.  F.  and  Werner.  H.  Handbuch  des  Getreidebaues.  Berlin. 
1885. 

"Atterberg,       Loc.  cit. 

"Denaiffe  and  Sirodot.    L'avoine.  Paris.  1901. 
'*B6hmer.  — .   Loc.  cit.  p.  26. 
8 
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Table  ii. 

Relation  between  the  three  dimensions  of  the  hulled  kernels  of 

the  pure  lines. 


Length 

Width 

Thickness 

Line  Number. 

mm. 

mm. 

TTlTn.td.  jjj 

9.11 

2.38 

1.96 

Maine  337  

9.09 

2.41 

1.97 

9.13 

2.37 

1.93 

Maine  346  

9.15 

2.44 

1.95 

8.99 

2.31 

1.99 

Maine  281  

8.98 

2.36 

1.94 

Maine  355  

8.87 

2.25 

1.87 

Maine  286  

8.96 

2.32 

1.87 

Maine  351  

9.14 

2.29 

1.90 

Maine  307  

9.04 

2.30 

1.93 

Maine  357  

9.02 

2.35 

1.96 

Maine  247  

8.85 

2.38 

1.94 

*»■  ^ 

9.03 

2.35 

1.93M 

In  using  this  method  an  attempt  has  been  made  to  determine 
whether  the  relations  between  the  three  dimensions  of  the 
naked  kernel  might  not  furnish  a  reliable  index  that  would  allow 
a  distinction  between  the  kernels  of  even  closely  related  strains. 
From  an  economical  standpoint  the  measurement  of  the  naked 
kernel  would  be  justified,  since  in  many  cases  the  hulls  or 
glumes  obscure  the  real  merits  of  the  kernel  proper,  which 
alone  determines  the  value  of  the  grain.  It  is  admitted  that  the 
measurement  of  the  naked  kernels  involves  the  technical  diffi- 
culty of  hulling  the  grain.  However,  any  closer  study  of  the 
grain  characters  requires  the  determination  of  the  hull  per- 
centage and  the  hulled  kernels  prepared  for  that  purpose  can 
be  used  for  the  measurements.  It  is  realized  that  this  method 
has  some  points  to  be  determined  yet  and  it  is  proposed  to  test 
further  its  validity  by  analyzing  a  larger  material  from  differ- 
ent years  and  working  up  the  data  statistically. 

In  the  present  case,  however,  the  data  have  been  found  rather 
interesting  and  have  a  comparable  value,  since  they  refer  to  ker- 
nels of  plants  grown  in  the  same  year  and  under  the  same  tnx''- 
ronmental  conditions.  The  measurements  were  carried  out  with 
the  aid  of  a  micrometer  caliper.  The  measurements  were  recorded 
to  hundredtiis  of  a  millimeter.  In  Table  ii  the  lines  are  arranged 
according  to  their  parental  varieties.  It  will  be  noted  that  the-e 
is  a  marked  distinction  between  the  three  groups  of  the  lines. 
The  first  four  lines  of  the  Irish  Victor  show  throughout  higher 
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values  for  all  the  three  dimensions  than  the  Banner  lines  ani 
line  No.  247.  Their  values  are  pretty  close  and  indicate  a  fluc- 
tuation about  the  mean  of  the  original  t>'pe.  This  is  true  also 
of  the  majority  of  the  Banner  group.  Lines  No.  351,  307  and 
357  show  higher  values  for  the  length  and  thickness  than  the 
other  four  Banner  lines  and  approach  in  this  respect  the  Iri.-;h 
Victor  lines  but  they  rank  decidedly  lower  than  the  latter  with 
regard  to  width.  The  data  in  this  table  enable  us  to  distinguish 
more  clearly  the  types  of  kernel  of  the  three  line  groups  than 
would  be  possible  by  an  inspection  of  the  kernels  enclosed  in 
the  hulls.  The  Irish  Victor  lines  develop  on  the  whole  a  longer, 
wider  and  thicker  kernel  than  the  majority  of  the  Banner  lines. 
Line  247  has  the  shortest  kernel  but  the  relation  between  width 
and  thickness  approaches  that  of  the  Irish  \'ictor  lines. 
A  further  important  quantitative  character  of  the  grain  is 
The  weight  of  the  kernel.  The  absolute  weight  of  a  number 
of  kernels  is  the  most  reliable  measure  of  the  quality  of  the 
grain.  The  weight  of  a  given  volume  of  grain  is  generally  coti- 
sidered  as  unsatisfactor)',  especially  with  regard  to  oats.  Nei- 
ther does  the  specific  weight  furnish  reliable  values  as  has  been 
shown  by  W'olny." 

Table  12. 


Weight  of  grain  and  hull  percentage. 


tine 
Number. 

PikUKT  VaSISTT. 

* 

A 

«4  — 

at— 

"ST 

—  C  c 

£±  = 
*j  ^ 

=  ■  <: 
-z— 

1 

i 

i 

  e 

£ 

C 

gms. 

gms. 

1 

Maine  340 

40.30 

29.02 

11.28 

28.00 

4 

Maine  336 

39.38 

28.16 

11.22 

28.50 

8 

Maine  247 

39.38 

28.00 

11.29 

28.77 

9 

Maine  337 

39.76 

27.78 

10.98 

28.32 

5 

Maine  357 

38.16 

27.33 

10.83 

28.37 

6 

Maine  346 

37.61 

26.36 

11.23 

29.87 

12 

Maine  2S1 

37.48 

26.67 

10.81 

28.83 

11 

Maine  351 

36.84 

26.58 

10.28 

27.84 

2 

Maine  2S6 

36.71 

26.14 

10.57 

28.78 

10 

Maine  307 

36.40 

26.05 

10.35 

28.44 

7 

Maine  230 

36.10 

26.01 

10  09 

27.95 

3 

Maine  355 

35.49 

25.64 

9  85 

27.76 

1 

ST. 71 

f6  99 

to.rs 

S9  iS 

"Cited  from  Bohmer.   Loc.  cit,  p.  24. 
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Table  12  gives  in  the  third  column  the  weight  pei  1,000  ker- 
nels of  the  respective  pure  lines.  In  determining  this  weight 
the  general  method  of  using  only  the  lower  or  larger  kernel  of 
the  spikelet  was  followed.  It  is  obvious  that  it  is  necessary  to 
use  the  same  form  of  kernel  throughout  the  measurements 
when  comparative  values  are  sought. 

From  Table  12  it  is  noted  that  the  lines  of  the  Irish  Victor 
group  and  Lines  No.  247  rank  highest  as  to  the  weight  per  1,000 
kernels.  It  is  interesting  to  note  that  the  highest  yielding  line, 
No.  355,  shows  the  lowest  kernel  weight. 

Hull  percentage.  The  economic  value  of  the  oat  is  deter- 
mined by  the  naked  kernel  and  it  is,  therefore,  of  importance  to 
determine  what  part  of  the  grain  as  a  whole  is  made  up  by  the 
hulls.  From  Table  12  it  will  be  seen  that  the  hull  percentage 
does  not  quite  parallel  the  weight  per  1,000  kernels.  Thus  Line 
No.  346  ranks  lowest  as  to  hull  percentage  while  it  occupies 
the  sixth  place  with  regard  to  kernel  weight.  Similar  points 
are  noted  for  Lines  No.  281  and  No.  286.  Line  No.  340  has  a 
comparatively  low  hull  percentage  considering  its  high  weight 
per  1,000  kernels.  Line  No.  355  shows  the  lowest  hull  percent- 
age. 

Table  12  also  gives  the  data  regarding  the  relation  between 
the  weight  of  the  naked  kernels  and  the  hulls.  The  weight  of 
hulls  of  1,000  kernels  has  been  calculated  from  the  hull  percent- 
age and  weight  per  1,000  kernels  (Cf.  Bohmer,  loc  cit.,  p.  35). 
The  lines  247,  340,  336  and  346  have  the  highest  absolute  weight 
of  the  hulls.  While  with  the  three  first  lines  named  the  high 
weight  of  the  hulls  is  balanced  by  the  high  weight  of  the  naked 
kernels  with  Line  No.  346,  the  high  relative  and  absolute  weight 
of  the  hulls  is  not  followed  by  a  corresponding  high  weight  of 
the  naked  grain.  Line  No.  355  has  the  lightest  hulls  and  Line 
No.  247  the  heaviest. 

To  complete  the  description  of  the  pure  lines  a  few  data  may 
be  given  with  regard  to  the  germination  of  the  grain.  The 
germination  tests  were  carried  out  in  two  series  with  200  kernels 
of  each  line. 

The  results  given  in  Table  13  do  not  show  any  great  varia- 
tion in  the  percentage  of  the  germinated  kernels  of  the  pure 
lines.  The  total  average  for  all  the  lines  is  98.9  per  cent  which 
indicates  a  very  high  germination  quality. 
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Table  13. 
Germination  Test  of  Pure  Lines. 


NCMBEB  OF 

Gehminated 

KEBNEL6. 

PerceDtd£e  of 

LiN'E  ^TJMBER. 

gerniioAted 

kemel£. 

Series  I. 

Series  II. 

Maine  247  

IW 

200 

99.8 

200 

199 

99.8 

199 

199 

99.5 

200 

196 

99  5 

200 

196 

99.5 

19S 

199 

99.3 

197 

200 

99  3 

196 

199 

99.3 

198 

197 

96.8 

196 

196 

98.5 

199 

19ft 

98.3 

192 

192 

96.0 

A\-erage  

198.0 

197  4 

9S  9 

The  preceding  description  of  these  pure  lines  has  shown  very 
clearly  that  there  are  no  marked  morphological  differences  be- 
tween these  pure  lines  and  their  respective  parent  varieties. 
In  the  discussion  of  the  majority  of  the  characters,  e,  g.,  stool- 
ing,  type  of  head  and  of  grain,  it  has  been  necessary  to  deal 
with  groups  of  the  pure  lines  corresponding  with  their  pjarent 
varieties.  On  the  other  hand,  there  is  a  large  amount  of  evi- 
dence which  indicates  that  in  such  characters  as  yielding  ability 
and  strength  of  straw  these  pure  lines  are  distinctly  superior 
to  their  parent  varieties. 

The  mtHlern  view  of  the  hereditary  processes  indicates  that 
separate  character?  are  inherited  as  units  or  a?  group?  of  units. 
It  is,  therefore,  conceivable  that  at  some  time  in  the  history  of 
the  parent  varieties,  spontaneous  germinal  changes  occurred 
which  affected  the  hereditan,-  yielding  abihty  of  a  certain 
plant.  Such  changes  might  or  might  not  be  accompanied 
by  changes  in  one  or  more  morphological  characters.  Further, 
such  a  spontaneous  germinal  change  might  result  in  either  an 
increase  or  a  decrease  in  the  yielding  ability.  In  the  process  of 
selection  and  elimination  as  outlined  in  this  paper  naturally  only 
the  variations  in  the  direction  of  an  increase  would  be  pre- 
served. 

That  variations  do  occur  which  tend  to  >'ield  less  than  the 
parent  varieties  is  indicated  by  the  so-called  "running  out"  of 
\'arieties.  A  variety  which  has  been  grown  for  many  \-ears 
without  any  attempt  at  improvement  often  shows  a  large  num- 
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ber  of  undesirable,  low  yielding  plants.  Such  a  variety  is  said 
to  be  "run  out."  This  condition  undoubtedly  results  from  the 
chance  preservation  and  multiplication  of  germinal  variations 
in  the  direction  of  low  yield.  With  care  to  avoid  mixing  and 
the  occasional  selection  of  seed  in  the  field,  it  is  possible  to 
avoid  the  undue  multiplication  of  these  undesirable  types  and 
hence  to  avoid  the  so-called  "running  out"  of  varieties. 

That  germinal  variations  similar  to  the  above  do  occur  in 
the  case  of  morphological  characters  has  been  clearly  shown  by 
Nilsson-Ehle'°.  He  was  able  to  show  that  in  pure  breeding 
strains  and  under  conditions  in  which  there  was  no  chance  of 
mixing,  grains  appear  which  differed  either  in  their  color  or 
in  the  character  of  their  grain.  These  variations  either  bred 
true  at  once  or  after  one  or  two  generations  the  great  majority 
of  their  progeny  bred  true  to  their  new  characters.  The  exist- 
ence of  these  well  authenticated  cases  of  germinal  variation  in 
morphological  characters  makes  it  almost  certain  that  similarly 
inherited  variation  may  occur  in  respect  to  physiological  char- 
acters such  as  yield. 

The  frequency  with  which  such  variations  occur  is  unknown 
but  experiments  indicate  that  they  are  relatively  very  rare. 
Likewise  the  underlying  cause  of  these  germinal  variations  is 
unknown.  The  evidence  indicates  that  they  are  probably  not 
due  to  hybridization.  They  probably  belong  to  the  class  of  mu- 
tations as  defined  by  de  Vries. 

In  the  case  of  self-fertilized  plants  such  as  oats,  wheat,  beans, 
etc.,  there  is  a  large  amount  of  evidence  to  indicate  that  whv-n 
once  acquired  these  new  characters  will  breed  true.  It  is  these 
germinal  variations  in  respect  to  yield  and  to  strength  of  straw 
that  we  have  attempted  to  isolate.  The  evidence  from  the 
three  year  tests  indicates  that  we  have  been  successful  with 
these  twelve  pure  lines,  or  with  the  majority  of  them  at  least. 
At  the  same  time  it  is  clear  that  these  variations  in  yield  have 
not  been  accompanied  by  any  marked  morphological  changes  m 
the  characters  studied. 


'"Nilsson-Ehle,  H.  Uber  Falle  spontanen  Wegfallens  eines  Hemmungs- 
faktors  beim  Hafer.  Zeit.  f.  indukt.  Abst. — u.  Vererbungslehre,  Bd. 
5.  pp.  1-37,  191 1. 

 .    Spontanes  Wegfallen  eines  Farbenfaktors 

beim  Hafer.    Verb.  d.  naturf.  Vereins  in  Briinn,    Bd.  49,  pp.  139-156. 
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Discussion  and  Conclusions. 

After  the  discussion  of  the  various  characters  and  qualities 
of  these  pure  lines  we  come  to  the  practical  question  as  to 
which  is  the  best.  It  has  been  clearly  brought  out  in  the  paper 
that  under  Highmoor  conditions  all  of  these  twelve  pure  lines 
possess  desirable  qualities.  If  that  had  not  been  the  case  they 
would  have  been  discarded.  While  under  our  conditions  one  or 
two  of  these  lines  have  appeared  to  be  especially  good,  it  is  not 
at  all  certain  that  under  other  conditions  some  of  the  other 
lines  might  not  prove  as  good  or  better.  It  is  certain  that  any 
one  of  these  lines  is  capable  of  producing  a  much  better  yield 
of  oats  than  the  varieties  commonly  grown  in  the  state. 

In  this  connection,  however,  we  desire  to  say  that  if  these  or 
any  other  varieties  are  sown  on  wornout  land  without  proper 
fertilization,  or  if  the  seed  bed  is  poorly  prepared,  good  yields 
cannot  be  expected.  A  circular  giving  the  exact  methods  used 
in  growing  oats  on  our  two  farms  will  be  sent  to  any  resident 
of  the  state  on  request.  It  will  be  seen  from  this  circular  that 
the  methods  used  by  us  are  only  such  as  can  be  employed  iiy 
any  intelligent  farmer. 

Of  the  twelve  pure  lines  we  have  chosen  No.  340  as  the  best 
for  Highmoor  conditions.  As  shown  in  Table  7,  this  variety 
stands  second  in  average  yield  for  the  three  years.  It  has  a 
very  stiff  straw  and  even  under  very  severe  tests  has  shown 
practically  no  lodging.  In  this  respect  it  has  appeared  superior 
to  No.  355  which  gave  a  higher  average  yield.  Further  No. 
340  has  a  very  good  white  grain  and  a  high  weighl  per  meas- 
ured bushel.  It  has  the  highest  weight  per  1,000  grains  of  any 
of  the  pure  lines.  It  has  a  relatively  low  hull  percentage,  it 
shows  a  relatively  small  amount  of  variation  in  the  yield  of  its 
four  19 1 5  plots  (Table  6). 

In  1914  this  line  was  grown  in  a  field  test  plot  about  three- 
quarters  of  an  acre  in  area.  It  gave  a  yield  of  86  bushels  per 
acre.  In  191 5  this  pure  line  was  grown  as  a  farm  oat  at  High- 
moor. While  the  area  was  not  accurately  measured,  there 
were  about  13  acres.  The  average  yield  was  about  75  bushels 
per  acre.  In  the  \'ariety  test  plots  Maine  340  has  averaged  for 
the  three  years  to  yield  9.3  bushels  f>er  acre  more  than  its  parent 
variety,  the  Irish  Victor,  during  the  same  time.  Further,  as 
may  be  seen  from  Tables  7  and  8.  this  difference  in  yield  be- 
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tween  this  pure  line  and  its  parent  variety  has  been  very  con- 
sistent in  each  year. 

Maine  355,  a  Banner  selection,  probably  stands  as  second 
choice.  This  pure  line  averaged  to  yield  about  two  bushels  per 
acre  more  than  No.  340  for  the  three  years.  However,  this 
higher  yield  is  offset  by  certain  other  characters.  Thus  No. 
355  is  a  little  more  likely  to  lodge  on  very  rich  soil,  or  in  very 
wet  seasons.  It  is  not  weak-strawed,  but  yet  it  does  not  have 
quite  the  same  resistence  as  No.  340.  No.  355  also  showed  a 
relatively  hig*h  variation  in  the  yield  of  its  19 15  plots.  It  has 
a  relatively  low  bushel  weight  and  a  low  weight  per  1,000 
kernels.  It  has,  however,  given  the  highest  average  yield  of 
any  of  the  pure  lines.  Its  average  yield  is  seven  bushels  above 
the  average  of  its  parent  variety  for  the  same  years.  It  also 
has  the  lowest  hull  percentage  of  any  of  the  pure  lines. 

Maine  247,  from  the  Imported  Scotch  variety,  and  Maine 
286  and  357,  from  the  Banner  variety,  are  the  least  promising 
of  these  pure  lines  when  grown  under  Highmoor  conditions. 

The  remaining  seven  lines,  Nos.  281,  351,  337,  230,  307,  336 
and  346  show  comparatively  slight  differences  in  yield.  No. 
337,  an  Irish  Victor  selection,  has  proved  very  variable  in 
yield  in  the  different  years.  In  19 13  it  gave  a  very  low  yield 
and  in  1914  a  very  high  yield.  In  191 5  its  yield  was  about  the 
average  of  the  pure  lines.  While  there  are  some  differences  in 
minor  characters  between  the  other  pure  lines,  these  differ- 
ences are  not  of  sufficient  importance  to  warrant  further  dis- 
cussion. 

Another  point  which  should  be  emphasized  in  connection 
with  pure  line  varieties  in  general  is  the  evenness  with  which 
the  plants  ripen.  The  relative  time  from  planting  to  harvest- 
ing is  an  inherent  characteristic  of  different  varieties  and  dif- 
ferent strains.  In  many  ordinary  commercial  varieties  there 
are  some  plants  which  ripen  much  earlier  than  others  and  like- 
wise some  that  ripen  very  late.  The  casual  observer  is  not 
likely  to  notice  this  difference  but  a  closer  inspection  of  individ- 
ual plants  shows  that  this  is  the  case  in  many  varieties.  The 
plants  which  ripen  first  are  likely  to  be  too  ripe  when  cut  and 
will  tend  to  shatter,  thus  cutting  down  the  yield.  Plants  which 
are  late  in  maturing  will  be  slightly  green  when  cut.  Grain 
from  such  plants  will  tend  to  injure  the  appearance  of  the 
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entire  lot  of  grain.  Further  such  immature  grain  will  tend  to 
lower  the  weight  per  bushel  and  likewise  the  yield. 

All  the  plants  of  a  pure  line,  since  they  are  the  descendants  ol 
a  single  original  plant,  will  have  the  inherent  tendency  to  ripen 
at  the  same  time.  This  is  one  of  the  factors  which  leads  to 
increased  yields  with  pure  line  varieties.  Of  course,  environ- 
mental conditions  may  greatly  influence  the  time  of  ripening  so 
that  unless  a  field  is  reasonably  uniform  in  the  character  of  its 
soil  there  will  always  be  some  difference  in  maturity  in  differ- 
ent parts  of  the  field.  However,  insofar  as  this  matter  can  he 
remedied  by  seed,  the  pure  line  varieties  offer  a  distinct  advan- 
tage over  the  ordinary  commercial  varieties. 

It  is  planned  to  continue  the  majorit)'  of  these  pure  lines  in 
our  test  plots  until  such  time  as  newer  and  better  lines  shall  be 
obtained.  A  large  number  of  new  selections  are  being  tested 
at  the  present  time.  These  will  be  tested  along  with  the  best 
of  the  pure  lines  described  in  this  bulletin  and  also  with  a 
selected  list  of  commercial  varieties. 

In  order  that  these  pure  lines  may  be  tested  by  the  farmers 
of  the  state,  arrangements  have  been  made  with  the  Extension 
Department  of  the  College  of  Agriculture  to  place  the  limited 
amount  of  seed  of  each  line  in  the  hands  of  representati-.  c 
farmers.  The  arrangements  are  that  the  farmer  ^hall  grow  o-v. 
of  these  lines  for  at  least  two  years  in  order  to  g^ve  it  a  satis- 
factory test.  Seed  from  these  lines  which  prove  satisfactory  in 
their  respective  communities  is  to  be  offered  for  sale  at  a  rea- 
sonable price.  It  is  hoped  that  this  arrangement  will  secure  a 
distribution  of  the  seed  of  such  of  these  pure  lines  as  pro\e 
themselves  worthy.  Maine  340  will  continue  to  be  grown  as  a 
farm  oat  at  Highmoor  and  the  surplus  seed  offered  for  distri- 
bution. 

Summary. 

In  the  introduction  to  this  bulletin  the  meaning  of  a  pure 
line  is  defined  and  illustrated.  The  general  methoas  used  in 
the  pure  line  breeding  of  cereals  are  also  discussed. 

The  work  with  which  this  paper  deals  was  begun  in  19 10.  In 
that  year  460  individual  oat  plants  were  selected  from  18  difre'- 
ent  commercial  varieties.  In  1911  seed  from  18S  of  these 
plants  was  grown  in  short  garden  rows. 
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On  the  basis  of  the  results  thus  obtained  80  cf  these  rows 
were  thought  good  enough  to  be  continued  in  small  plots.  Du- 
plicate 1-2000  acre  plots  of  each  of  these  80  pure  lines  were 
grown  in  19 12. 

Of  these  pure  lines  34  were  sufficiently  promising  to  be  con- 
tinued into  field  tests  in  1913.  Thirty-one  of  these  were  again 
tested  in  19 14. 

In  1915  all  of  these  pure  lines  were  discarded  except  twelve. 
These  twelve  lines  were  tested  in  quadruplicate  plots  in  191 5. 

In  each  of  the  three  years,  1913-1915,  these  pure  lines  weie 
grown  along  with  a  number  of  the  best  commercial  varieties 
obtainable.  In  1914  and  191 5  the  pure  line  plots  alternated  in 
the  field  with  commercial  variety  plots. 

A  method  of  correcting  the  yield  of  individual  plots  for  dif- 
ferences in  soil  fertility  is  briefly  outlined.  This  method  (;f 
correction  was  applied  to  the  1914  and  1915  results  and  the  ma- 
jor portion  of  the  discussion  is  based  on  these  corrected  yields. 

The  detailed  results  of  the  field  tests  of  these  pure  lines  for 
each  of  the  three  years  is  given  in  tables  3,  4  and  5.  The  results 
so  far  as  yield  is  concerned  are  summarized  in  table  7.  In  table 
8  are  summarized  the  results  of  tests  of  eleven  commercial 
varieties  tested  for  the  three  years  under  the  same  conditions 
as  the  pure  lines. 

From  these  tables  it  is  seen  that  the  12  pure  lines  averaged 
to  yield  80.8  bushels  per  acre  against  75.2  bushels  for  the  11 
commercial  varieties.  Only  four  of  the  commercial  varieties 
gave  a  better  yield  than  the  poorest  of  the  pure  lines.  In  all 
cases  the  average  yield  of  the  pure  lines  selected  from  a  given 
variety  exceeded  the  yield  of  the  parent  variety. 

While  the  original  selections  represented  18  dif¥erent  varie- 
ties, the  pure  lines  finally  retained  came  from  only  three  differ- 
ent varieties.  Seven  of  these  are  from  the  Banner  variety, 
four  from  the  Irish  Victor  and  one  from  the  Imported  Scotch. 

A  detailed  description  of  the  12  pure  lines  shows  that  in 
morphological  characters,  such  as  type  of  head,  character  of  the 
grain,  etc.,  these  pure  lines  closely  resemble  their  respective 
parent  varieties.  The  changes  in  the  physiological  characters 
which  result  in  higher  yield  are  therefore  not  necessarily  asso- 
ciated with  morphological  characters  in  the  plant  or  grain. 
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Of  the  12  pure  lines,  Maine  340,  an  Irish  Victor  selection  is 
regarded  as  the  best  for  Highmoor  conditions.  This  line  stood 
second  in  average  yield  but  it  possesses  an  especially  stiff  straw, 
a  high  weight  per  bushel  and  per  1,000  kernels  and  a  relatively 
low  hull  percentage. 

Maine  355,  a  Banner  selection,  is  second  choice.  It  gave  the 
best  average  yield  of  any  of  the  lines.  It  has  a  slight  tendency 
to  lodge  on  heavy  soil.  This  variety  is  especially  recommendefl 
for  planting  on  lighter  soils. 

Maine  247,  286  and  357  appear  to  be  slightly  inferior  in 
yield  to  the  other  pure  lines.  Between  the  remaining  lines 
there  is  little  to  choose  so  far  as  the  tests  at  present  show. 

Each  of  these  12  pure  lines  is  well  adapted  to  conditions  in 
the  southern  and  central  part  of  the  state.  Being  bred  from 
single  plants  they  tend  to  ripen  much  more  evenly  and  are 
more  uniform  in  all  their  characters  than  most  commercial  vari- 
eties. These  12  varieties  represent  the  best  out  of  460  original 
selections. 

We  are  satisfied  that  the  use  of  any  of  these  pure  lines  will 
result  in  increased  yields  over  those  obtained  with  most  com- 
mercial varieties.  Steps  are  being  taken  to  secure  the  distribu- 
tion of  seed  of  these  pure  lines  to  the  farmers  of  the  state. 


Fig.  19.  Typical  Heads  from  Maine  355 
Fig.  20.    Typical  Heads  from  Maine  340 


Fig.  21.  Typical  head  from  Maine  337 

Fig.  22.  Typical  head  from  Maine  247 

Fig.  23.  Typical  head  from  Maine  357 

Fig.  24.  Typical  head  from  Maine  230 
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